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INTRODUCTION 

With the publication of this first issue of the Continuing Bibliography on “Lunar 
Surface Studies” (SP-7003), the National Aeronautics and Space Administration continues 
its program of distributing selected references to reports and articles on aerospace subjects 
that are currently receiving intensive study. All references have been announced in either 
Technical Publications Announcements ( TPA ), Scientific and Technical Aerospace Reports 
(STAR) ,  or International Aerospace Abstracts (IAA). They are assembled in this biblio- 
graphy to provide a reliable and convenient source of information for use by scientists and 
engineers who require this kind of specialized compilation. In order to assure 
that the distribution of this information will be sustained, Continuing Bibliographies 
are to be updated periodically through the publication of supplements which can be 
appended to the original issue. 

The subject of Lunar Surface Studies is one which encompasses several scientific 
fields. As a consequence, this bibliography contains references to a variety of specific 
topics, including the theory of lunar origin, the lunar atmosphere, and the physical 
characteristics of the body such as its topography, geology, cartography, and stratigraphy. 
Techniques of lunar observation, measurement, and analysis, e.g., photography, photometry, 
and spectrophotometry, are amply covered, and pertinent references to the instrumentation 
and equipment used in lunar investigation have also been included. 

Each entry in the bibliography consists of a citation and an abstract. The listing 
of entries is arranged in two major groups. Report literature references are contained in the 
first group and are subdivided according to their date of announcement in TPA and STAR.  
The second group includes published literature references, subdivided according to their 
date of announcement in IAA. All reports and articles cited were introduced into the NASA 
information system during the period January, 1962-March, 1964. 
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AVAILABILITY OF DOCUMENTS 

STAR Series (N62, N63, N64) 

NASA documents listed are available without charge to: 

I .  NASA Offices, Centers, contractors, subcontractors, grantees, and consultants. 
2. Other U. S. Government agencies and their contractors. 
3. Libraries that maintain depositories of NASA documents for public reference. 
4. Other organizations having a need for NASA documents in  work related to the 

5 .  Foreign organizations that exchange publications with NASA or that maintain 

Non-NASA documents listed are provided without charge only to NASA Offices, 

aerospace program. 

depositories of NASA documents for public use. 

Centers, contractors, subcontractors, grantees, and consultants. 

Organizations and individuals not falling into one of these categories may purchase 
the documents listed from either of two sales agencies, as specifically identified 
in the abstract section: 

Office of Technical Services (OTS) 
U S .  Department of Commerce 
Washington, D.C. 20230 

Superintendent of Documents (GPO) 
U.S. Government Printing Office 
Washington, D.C. 20402 

Information on the availability of this publication and other reports covering 
NASA scientific and technical information may be obtained by writing to: 

Scientific and Technical Information Division 
National Aeronautics and Space Administration 
Code ATSS-AD 
Washington, D.C. 20546 

Collections of N A S A  documents are currently on file in the organizations listed on 
the inside of the back cover. 

IAA Series (A63, A64) 

All articles listed are available from the American Institute of Aeronautics and Astro- 
nautics, Technical Information Service. Individual and Corporate AlAA Members in the 
United States and Canada may borrow publications without charge.. Interlibrary loan 
privileges are extended to the libraries of government agencies and of academic non-  
profit institutions in the United States and Canada. Loan requests may be made by mail, 
telephone, telegram, or in person. Additional information about lending, photocopying, and 
reference service will be furnished on request. Address all inquiries to: 

Technical Information Service 
American Institute of Aeronautics and Astronautics, Inc. 

750 Third Avenue, New York 17, New York 

For further details please consult the Introductions to STAR and I A A ,  respectively. 
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Lunar Surface Studies 

1962 
N62-10120 
ANNUAL REPORT FOR THE PERIOD MC. 1, 1960 TO NOV.  30, 
196 1. P l .  II-SUMMARY OF RESEARCH. 
Horriron Brown and Bruce C. Murray. Jan. 1962. 62 p. 107 refs. 
(NASA Grant NsG 56-60) 

Photographic photometry was used in  examining lunar reflectivity. 
Also, photoelectric color studies of the lunar surface were made for use 
in geological color mapping. The effects of the eorth's atmosphere on 
the use of long wave length infrored photometry, in studying the surface 
of the moon and other solar bodies, were investigoted. A study of the 
atmospheres of meteorites, asteroids, comets, and satellites of Jupiter 
ond Soturn were mode to determine i f  they contoined simples compounds 
of oxygen, hydrogen, carbon, and nitrogen. An investigotion of the 
stability of these volatiles should give some clue to their distribution 
in the solar system. Also, the composition of meteorites vfas'determined 
by the use of X-Roy fluorescence onolysis, and a stotisticol study of 
meteorite loll wor conducted to determine the couse of the voriations 
in obundonce noted ot different times 

California Inst. of Tech., Posodeno. 

Availoble from 01s: ph $6.60, mi $2.06. 

N62-10123 
STUDY OF INFRARED INSTRUMNTATION FOR THERMAL PHO- 
TOGRAPHY OF THE MOON. 
Hector C. Ingrao, Donald H. M e n d ,  and J. Anthony Burke. May, 
1961. 581141 p. 60 refs. (Scientific Rrp. No. 1) (NASA Grant 
NsG-64-60. Avoiloble from OTS: ph $7.60, mi fz.36. 

Successful thermal photography, for the primary purpose of 
temperature measurement, depends on the value of the signal intensity 
at the ground, or in a baloon or space vehicle. Computations predict 
the image temperature. for an image-forming system with a single 
thermal detector having a sequential read-in and read-out. Thermal 
detectors and available single-quantum detectors with responses at 
wave lengths of approximotely 5r and longer are intercompared in 
terms of figures of merit. Infrared sensitive image-forming systems are 
surveyed and discussed for lunar thermal photography. Lateral heap 
conduction in the target plate of a simultoncous read-in image-forming 
system is  analyzed to determine the size of the minimum resolvable 
element. On the basis of this onolysis, the possible utility of new 
thermal detectors os target plotes for image-forming systems of simul- 
toneous reod-in ore investigoted. The potentialities of ferroelectric 
moteriols for o torget plate (thin film) of on imoge.forming system 
depend on the change in dielectric constant as a function of temperature 
close to the Curie point. Nonlineor phosphors, especiolly zinc cadmium 

Harvord Coll. Observatory, Cambridge, Mass. 

sulfide, are considered for thermol imoge conversion. This phosphor 
fluoresces in the yellow and has o brightness change of approximately 
28 percent per degree centrigrode for o given ultroviolet excitation, and 
phosphor temperature. 

N62-10170 
ATLAS OF THE FAR SIDE OF THE MOON (PUBLICATION OF THE 
ACADEMY OF SCIENCES OF THE USSR, MOSCOW, 1960) 
N. P. Boroborhev. A A. Mikhoilov, and Y.  N. Lipsky. eds. Tronslated 
by Nodyo Winkels. Jon. 1961 143 (20) p. 5 refs. (Report no. 
2914-1-7) (NASA Grant NsG-4-59) 

This otlos presents photographs of the far side of the Moon, and 
o map drawn in an equotorial orthographic projection to  o scale of 
1:10,OOO,OOO; i t  olso describes ond catalogs discovered formations 
occording to cotegories of certainty. Analysis of the formations of the 
for side was carried out from the photographs which included portions 
of the visible side for reference. The formations were delineated ond 
identified by photometric cross rections and finally superimposed on a 
coordinote network for fino1 mopping. 

The otlos was compiled from Wdkins' mop of the visible side, and 
the photogrophs of the far ride obtoined by the Soviet interplanetary 
stotion (AIS) in October 1959. Negotive images of photogrophs outo- 
mqticolly developed on the AIS were tronrformed into electric signals; 
the rlgnolr were tronsmitted to,Eorth where they were recorded before 
demodulotion, by a mognetic recording device which could provide 
negative or positive photogrophs directly on film or photogropho paper. 

Radiation Lab., U:of Michigan, Ann Arbor. 

N62-10199 Maryland U., College Pork. 
THE LUNAR ATMOSPHERE. 
E. J. Opik. 11962) 59 p. 31 refs. (Tech. Rept. 240) (NASA Grant 
NsG 58-60) Available from 01s. ph $5.60, mi $1.97. 

Optical and radio estimates of the upper limit of density of the 
lunar atmosphere ore reviewed. Properties of the lunor ionosphere in 
contoct with the surface ore analyzed theoretically ond opplied to an 
estimate of its compositiop and density. Considering the balance 
between injection ond escope, the daytime overage probable number 
density at the surfoce i s  rated at 3 to 5 x 10' cm;' with on uncertainty 
ratio of obout 2 and with 50-70 percent COI , 45-27 percent H: 0 ond 
4-2 percent H I .  The electron density, in equilibrium with contoct rccom- 
binotion at the surfoce, is  then 200-300 cm'. The sources of the at- 
mosphere are solar wind, its interaction with, and sputtering of, the 
surface, meteor impoct degassing, and somewhat dubious "volcanic" 
sources. The surfoce electric chorge is  slightly negative or neutral; only 
when the toto1 density falls below 3 X IO'. and the electron density 
below 200. will there be o positlve chorge 

N62-10205 
TOWGRAWlC LUNAR MAPPING AT THE ARMY MAP SERVICE 

With tho adwnt  of the space age and subsequent studies suggest- 
ing the possibility of landings an the moon the requirements far a 

Army Map  Service, Washington, D. C. 

Albert 1. Ngwicki. Sept. 1961. iv, 20 p. (Tech Rept. 37) 
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tapagraphic lunar map became apparent. This report describes the 
steps taken by the Army Map Service, Carps of Engineers, U. S. Army, 
to prepare such a map of the visible surface at a scale of 1 : 5 , o o O , ~  
with 1000-meter contours (plus 500-meter auxiliary contours) an a 
modified stereographic projection 

N62-10267 
SCIENTIFIC EXPERIMENTS FOR RANGER 3, 4, A N D  5. 
Dec. 1961. 25 p. 10 refs. (JPL-TR-32-199) (NASA Contract 

This report presents descriptions of the scientific experiments to be 
carried on Ranger 3, 4, 5 spacecraft-the first spacecraft designed to 
land operating instrument packages on the Moon's surface. The experi- 
ments include a vidicon comer0 to obtoin close-up pictures of the Moon's 
surface and show small-scale geologicol land forms and features. A 
gamma-roy experiment will determine the approximate concentration of 
the different radioactive materials present in the surface of the Moon. An 
altimeter will obtain radar reflectivity data. These data should be 
valuable in the determination of the lunar surface structure. A seismom- 
eter will be landed to obtain doto rpgarding the inner structure of the 
Moon and the magnitude and depth of any thermol activity. 

Jet Propulsion lab., Calif. Inst. of Tech., Pusadena. 

NASW-6). 

N62-10292 
Washington. 
REPORTS OF OBSERVATORIES, 
Nancy G. Roman. Repr. from Astran. J., v. 66, no. 9, Nav. 1961 
(no. 1294). p. 463-465. ADDENDUM, Adran. J., v. 66, ,no. 10, 
Doc. 1961. (no. 1295). 

Scientific satellite and racket probes in 1960-1961 have yielded 
much new information on the upper atmosphere. The daia from Echo I, 
Explorers VIII. IX. X, XI, Pioneer V and various rocket flights ore 
evaluated. Echo I informqtion determined the atmospheric density at 
1500 km as approximately lo-" g/cm' . Explorer Vlll measured the 
mass and spatial distributions of interplanetary dust particles over a 
large mass range. Explorer IX gave an atmospheric density value of 
3 x lo-" g/cm' at 700 km. Explorer X mapped the magnetic fields 
and particle fluxes as a function of geocentric distance along its orbit. 
Explorer XI detects extraterrestrial high energy gamma rays in the 100 
M e v  region from neutral r meson decay. Pioneer V probed the 1 1 -year 
variation in cosmic ray intensity, the boundary of the geomagnetic field 
between 10-and-20 earth radii and interplanetary geomagnetism. 
RackFt probes indicote that the atmosphere is isothermal between 350 
km and 625 km, with a postulated temperature of 1650" K. Rocket 
probes also obtained low dispersion spectrafor 10 stdrs between 1600A 
and 4W.A; data on spectrum of solar protons following a solar flare; 
and data an changes in the energy spectrum of the inner belt with 
magnetic latitude. 

Ground support studies for these space probes include analysis of 
the rigid-body motion of bodies in orbit, positional systems accuracy 
checks, star position documentotion, and studies ot lunar and circum- 
lunar spoce vehicle trajectories for 1963-1 968. A computing procedure 
for determining earth-sotellite orbits from radio and optical tracking 
dato has been developed. Studies on the micrometeoroid penetration 
hazord in various structural materials on the error of calculating 
meteor mass loss from light intensity observations, and on textile 
origin are reviewed. The interaction between solar corpuscular 
streams and the geomognetic field was investigated. Radar contoct 
with Venus was established, ond power spectrum.analysis of the signol 
indicate that Venus has an extremely slow rototion rate. A new value 
for the astronomicol unit, 149598 700 + 500, was established from 
this radar contact. Development of instrumentation for planetary sur- 
face probes is  mentioned. Meteorite composition, atmospheric models 
of Jupiter and Venus, and the thermal and stress history of the moon 
are being studied. 

National Aeronautics and Space Administration, 

1960-6 1 -NASA. 

N62-10332 Cornell U., Ithaca, N.Y. 
ELECTROSTATIC EROSION MECHANISMS ON THE MOON. 
P. D. Grannir. Repr. From J. Geaphys. Research. v.66, no. 12, e. 
1961. p. 4293-4299 13 refs. (NASA Grant NsG-111-61) 

The electrostatic processes which have been suggested by Gold as 
being responsible for erosion of the lunar features are evaluated. The 
statistics of the charge build-up on !he grains of lunar dust due to the 
solar gas streams are considered, On the basis of the derived probability 
distribution for grain charge, the electrostotic hopping effect is  shown to 
result in an erasion rate which is  lower by a factor of at least 10' than 
that rate indicated by observations of the moon. It is  found that, awing 
to the supporting action of the electrqnic space charge, positively 
charged dust groins moy be levitated above the surface. The pass trans- 
port resulting from the "downhill" gliding of such levitated groins may 
be sufficient to explain observed lunar erosion. 

N62-10374 Michigon U., Ann Arbor. 
CHARACTERISTICS OF THE MOON'S SURFACE LAYER: A N  
ANALYSIS OF ITS RADIO EMISSIOY. 
A. Giraud. Repr. from Astrophys. J., v. 135, no. 1, Jan. 1962. p. 175- 
106. 34 refs. 
(NASA Grant NsG-4-59; Subcontract 133-5-101 (DA 49-018 eng-2133 
E, Army Map Service) with the Autometric Corp.) 

A theoretical analysis of the thermal radio emission from the moan 
is  carried out which takes into account the results of lunar radar re- 
flection experiments, ond all the available observational data are re- 
viewed. Comparison between theory and experiment then yields the ratio 
of thermal to electromagnetic absorption as a function of wavelength, 
and goad agreement with the observations is  found. Estimates for the 
average dielectric constant, electric01 conductivity, thermal conductivity, 
and volumetric specific heat are given, as well as far the depth of the 
surface layer and the size range of the granules which are thought 
to constitute it. These are based an and thus agree with results of 
radar and radio, as well as infrared and optical measurements. The pic- 
ture which thus emerges for the lunar surface is  that of a layer, possibly 
very deep on the low grounds and thin on the highlands, of a material 
in a somewhat degenerate stote (possibly radiation-damaged), with a 
law density (probably increasing whh depth) and a loose structure. The 
expected range of granule sizes is  between 10 and 3 0 0 ~ .  A plauslble 
set ot physical constants should include a dielectric constant ot between 
1 and 1.5, a thermal conductivity of order 5 x lo-' to lo-' cal sec-'cm-' 
deg-' and a volumetric specific heat of about 0.1 or 0.2 col deg-'cm-'. 

N62-10404 
STUDIES OF THE PHYSICAL PROPERTIES OF THE MOON AND 
PLANETS. 
Quarterly Technical Progress Report (6). 
Camp. by M. ti. Davis. Dec. 1961. 12 p. 
(RM-3022-JPL) (Contract N-33561 (NASw-6) 

Company research is  proceeding in the following fields: (1) Lighr 
scarrering and radiorive rransJer. The Chandrasekhar X and Y functions 
are being computed for optical thicknesses greater than unity in order to 
provide results for dense or extensive atmospheres; a mathematical 
investigation of the radiative-transfer problem has shown that certain 
properties which had formerly been assumed far the X and Y functions 
do not, in fact, hold. Elsasser-band models have been fauyd that fit 
laboratory measurements of the infrared-absorption spectrum of carbon 
dioxide to within about 10 percent. (2) Planerary ormospheres. A 
paper has been completed which summarizes variations of pressure, 
temperature, and density with altitude far the Martian atmosphere; 
also, theoretical analysis of the seasonal atmospheric circulation of 
Mars has been completed. (3) Planefury experimenrs. An entirely dif- 
ferent concept is  being considered far moving the exploring instruments 
about the surface of the planets in unmanned planetary explorations: it 
is believed that a balloon could be used for meosurements of planetary 

Rand Corp., Santa Monica, Calif. 
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atmospheres or for transporting suitable instruments from the landing 
paint to other areas. (4) Lunar andplanetary geology and magnetl.rm 
Papers completed and in progress discuss the optical ellipttcity and 
internal structure of Mars, the age of the Earth-Moon system, and the 
magnetic fields of Mars and Venus. A harmonic analysis of lunar typog- 
raphy is under way. 

N62-10434 
Washington, D.C. 
ENGINEER SPECIAL STUDY OF THE SURFACE OF THE MOON: 
PHYSIOGRAPHIC DIVISIONS OF THE MOON; GENERALIZED 
PHOTOGEOLOGIC MAP OF THE MOON; LUNAR RAYS; TEXT. 
Camp. by Robert J. Hackman and Arnold C. Mason. July 1960. 3 maps 
(scale-1 :3,800,000), 1 table 38 %'I  x 56%" 

The study consists of three maps and a table and is  based on a 
photogeologic analysis using spectroxopic vision to examine matched 
photographs of libration pairs in the same lunar phase. A photomosaic 
of the moan was used for a base. A table gives a description and an 
evaluation of the physiographic regibns of the moon with a glossary 
and selected lunar data. One map, the "Physiographic Division of the 
Moon", divides the moon into physiographic regions. The major divi- 
sions consist of lunar highlands, containing a majority of the crators, 
and lunar lowlands, mainly consisting of the maria. Each of these are 
divided into divisions, the divisions into provinces, and the provinces 
into sections. The boundaries and special interest features are included. 
Another map, the "Generalized Photogeologic Map of the Moon", 
divides the rock divisions on the surface into Pre-Maria, Maria and 
Past-Maria age. The nature of craters with their possible origin, faults, 
fractures, anticline, monocline and other features are given. The third 
map, "Lunar Rays", shows only the prominent rays and, where determin- 
able, the crater, with encircling halos, from which the rays originated 
are indicated. 

Military Geology Branch, Geological Survey, 

N62-10473 
dard Space Flight Center, Greenbelt, Md. 
CELESTIAL GEODESY. 
W[illiam] M. Kaula. Washingtan, NASA, Mar. 1962. x, 120 p. 280 
refs. (NASA TN D-1155) OTS, $2.50. 

The geodetic use of rackets, artificial satellites, and the moon is  
reviewed. The discussion covers in turn dynamics, geometry, abserva- 
tianal techniques, comparison with terrestrial geodesy, and geophysical 
implications. 

National Aeronautics and Space Administration. Gad- 

N62-10559 
RADIO CHARACTERISTICS OF LUNAR SURFACE MATERIAL. 
K M Siege1 [1961'] 1 1  p I3 refs 
(NASA Grant NsG 4 59) OTS ph $1 60, mi $080 

The different theories of radio scattering from the koon  ore 
compared and analyzed The different theories pertinent to the sublect 
involving rodiation from the Moon, are discussed The electromognetic 
and thermodynamic constants of the lunar surface are obtoined The 
conclusion is  reached that present experimental data yields completely 
consistent results (independent of the wavelength of the rodlotion, 
whether the source is  coherent or incoherent and Independent of the 
pulse length used) The electromagnetic constants obtained are different 
from those found on Eorth (Author Abstract) 

Michigan U , Ann Arbor 

N62-10726 
ON THE POSSIBLE PRESENCE OF ICE ON THE MOON. 
Kenneth Watson, Bruce Murray, and Harrison Brown Repr from J 
Geophys Research, v 66 no 5, Moy 1961 p 1598-1600 
8 refs 
(NASA Grant NsG 56 60) 

Woter in the form of ice may exist in apprecioble quontities in 
shoded oreas of the moon The reason far this thinking is  that water is  

California Inst of Tech, Pasadena 
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far more stable on the lunar surface than SO? or the noble gases, whose 
presences have previously been suggested. The rate of escape of water 
from the lunar surface is  estimated to be 1.6 x 10 -"  g/cmm'/sec. Over 
the life span of the moan the total loss would then be 2.3 x IO' g/cmm' ; 
the total lunar atmospheric water mass being 4.2 x Io" grams. In addi. 
t im to juvenile water, water is  being added sporadically as the result of 
meteorite impact. Hence, the mass loss of water may be compensated to 
some extent by meteorite impact. Therefore, local concentrations of ice 
on the moan would appear to be well within the realm of possibility. 
Unfortunately, because ice, if it exists, will be in the permanently 
shoded areas of the lunar surface, attempts to determine whether it is  
present must await the time when suitable instruments can be placed in 
those oreas. (R.G.S.) 

N62-iG728 Caiilornio inst. 01 Tech., Pasodeno 
THE BEHAVIOR OF VOLATILES ON THE LUNAR SURFACE. 
Kenn,eth Watson, Bruce C. Murroy, ond Horrison Brown. Repr. from 1. 
Geophys. Research. v. 66. no 9, Sept. 1961. p. 3033-3045 
33 refs. 
[NASA Grant NsG 56-60) 

Volatiles, and woter in porticulor, have been thought to be unstable 
on the lunar surface because of the rapid removal of constituents of the 
lunar atmosphere by solar radiation, solar wind, and gravitational er- 
cope. The limiting factor in removal of a volatile from the moon, how- 
ever, i s  actually the evaporation rate of the solid phase, which will be 
collected at the coldest points on the lunar surface. A detoiled theory of 
the behovior 01 volatiles on the lunar surface based on solid-vapor ki- 
netic relotionships i s  presented, showing that water i s  for more stable 
there.than the noble gases or other possible constituents of the lunar 
atmosphere. Numerical calculations indicate the amount of woter lost 
from the moon since the present surface conditions were initiated is  only 
a few grams per square centimeter of the lunar surface. The amount of 
ice eventually detected in lunar 'cold traps' thus will provide o sensitive 
indication of the degree of chemical differentiation of the moon. 

(Author Abstract) 

N62-10756 Antenna Lab., Ohio State U. Research Foundation, 
Columbus. 
A THEORETICAL MODEL FOR SCATTERING FROM ROUGH SUR- 
FACES, WITH APPLICATIONS TO THE MOON AND SEA. 
Randolph H. Ott. Nov. IO, 1961. 42 p. ' 24 refs. 
(Report 1388-1) 
01s: ph $4.60, mi $1.46. 

The problem of the interaction of electromagnetic radiotion with 
nonuniform surfaces i s  approached statistically. By suitable choice of the 
second probability distribution for the surface, one finds the colculoted 
bock-scattering cross-section to depend exponentially on the ocgle of 
incidence. 

Upon comparison of the calculated scattering cross-section and 
meosured lunar and terrestrial returns, one finds that the model can 
account for the scattering from a rough surface out to incidence angles 
of nearly 30'; the model prescribes slopes for the lunar surface up to 
15'. One finds also that the model can account for the measured power 
reflection coefficient of the lunar surface. (Author Abstract) 

(NASA Grant NsG 213-61) 

N62-10804 
THE DENSITY AND MASS DISTRIBUTION OF METEORITIC BODIES 
IN THE NEIGHBORHOOD OF THE EARTH'S ORBIT. 
Horrison Brown. Repr. from J. Geophys. Research, v. 65, no. 6, Juno 
! O S o .  p. 1679-1683. 3 refs. (NASA Grant NsG 56-60). 

A study of the frequency of meteorite falls in areas which have bean 
highly populated throughout the last century indicates that the avsrage 
rote of fall of meteorites an the earth probobly lies between 0.32 and 
1 .O falls/year IO' km' . The frequency of fall as a function of type and 

California Inst. of Tech., Pasadena 
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mass has been studied, and it i s  shown that the distribution curves for 
stones and irons have similar shapes. The curves are also remarkably 
similar to those observed for asteroids. The observed relationships are 
used to calculate the impact frequency of meteoritic particles upon the 
earth and moon as a function of their size, (Author Abstract) 

N62-10933 Joint Publications Research Scrvice, Washington, D. C. 
THE ENERGY NECESSARY K)R THE CREATION OF LUNAR CRATERS 
AND RING MOUNTAINS. 
Peter Hedervari (Hungarian State “Larand Eatavas” Geophys. Inst.) 
Feb. 12, 1962. 
(JPRS- 12458; CSO 1@N) Partially summarized and translated from 
Magyar Fizikai Folyoirat, v. 1, no. 4, 1961, p. 251-263. 

Every indication seems to point to the f a d  that the maiority of lunar 
craters (with a diameter equal to or less than 20 kilometers) and the 
ring mountains (with diameters in excdsr of 20 kilometers) were created 
by internal lunar forcer. This paper intends to show that the available 
energy of lunar dilatation is  far greater than that necessary far tha 
creation of these formations. By applying the formula of thermal energy 
developed for volcanic islands, i t  can be concluded that, depending on 
the diameter, the necessary thermal energy i s  1V ’  to loJo ergs. It 
will also be shown that the energy requirements of the largest ring 
mountains ore in the order of that consumed in the creation of the 
Mauoa l o a  volcono in Hawaii. This energy i s  about 5.6 x 10’-times 
as much as that of the strongest shock wave of the 1960 earthquoke in 

Chile. (Author Abstract) 

N62-1  1141 Center for Rodlophysics ond Spoce Rereorch Cornell 
U lthoco N Y 
HYDROGEN NEAR THE MOON 
Robert J Gould Apr 1962 6 p  refs 
(CRSR I I41 
OTS ph S i  IO miSO80 

evoporoted gas wi l l  be in moleculor or otomic form This knowledge i s  

necessary for the detection of this temporary otmosphere low energy 
(-5 KeV) solor protons strike the lunor ‘surfoce and penetrote (thus 
plcklng up o n  electron) and diffuse out to the surfoce to be evoporoted 
away either os otoms or i f  they encounter onother hydrogen otom os 
molecules A slow diffusion rote would give the lunar surfoce o high 
concentrotion of interstitiol embedded hydrogen atoms ond these atoms 
in diffusing through the solid ore likely to encounter onother otom 
ond combine with it A high diffusion rote, on the other hand, would 
leod to ropid escope from the solids os otoms Equotions show a high 
rove of diffusion which indicotes thot outgoing hydrogen will leove 
the surfoce ot thermal velocities ond In otomic form Molecular formo 

I I Y L I  

(NASA Grant NsG I I9 61) 

Hydrogen neor the moon is studied to oscertoin whether the re 

tion seems to be o minor process only 

N62-11253 Air Force Cambridge Research Labs. Geophysics R e  
search Directorote, Bedford. Moss 
LOCATION OF A LUNAR BASE. 
John W. Solisbury and Charles F. Campen, Jr. Oct. 1961. ix, 44 
[3] p. 1 13 refs. 
(GRD Research Notes 70; AFCRL-870) 

All peqinent foctors governing lunar bose location hove been 
discussed and an initial site suggested accordingly. The two molor 
theories of lunor substructure are reviewed os pertinent to the locotion 
of a lunar base. The meteoric theory, to which the authors subscribe, 
favors a moon bose located in the highlonds where the collopse horord 
is  at a minimum. Lunar probes for experirnentol verification of these 
conclusions ore discussed; experirnentol verification, in addition to the 
Ranger series probes, i s  proposed. Surface characteristics would not 

(Prol. 7698) 

particularly limit base lacotion, but natural resources play o most 
important part. Mineral deposits must be large, centralized, and 
predictably located. It is  suggested thot vitol water deposits may be 
found beneath choin craters and rilles, ogoin suggesting a highlonds 
location. The lunar base will have importont consequences for ostro- 
namical research. Two observatories located 180’ apart on the equator 
can continuously monitor the entire celestial sphere. Aspects of the 
lunar base as a communications relay also suggest two equatorial sites 
180’ apart to maintain virtually constant contact. The per capita, per 
day needs for oxygen, nitrogen, and water of lunar-based personnel are 
detailed; solar energy as a power source for minerol extraction i s  
proposed. The initial lacation of a space vehicle terminal is  limited 
by present propulsion systems to the western quadrant of the visible 
lunar face. Because of tremendous surface variations in temperature, 
the maior lunar base complex would be underground. Aher detailed 
Consideration of all the foregoing foctors, a site south of the Hyginus 
Rille, near the crater Agrippo, is  suggested for an initial lunor bose 
site. (Author Abstract) 

N62-11284 
STUDIES OF THE PHYSICAL PROPERTIES Of THE MOON AND 
PLANETS. 
Ouorterly Technical Progress Report ( 3 ) .  
Comp and ed by M H Davis Apr 28, 1961 97 p refs 
(RM-2769-JPL) 
OTS ph $8 60, mi $3 t l  

The following basic studies ore included in a summary reporting 
researih conducted on the properties of the moon and planets ( 1  ) Some 
of the methods of modern abstract operator theory have been applied 
(Mullikin) to the theory of radiation transfer, and important simplifica 
tionr have been made in the theoretical development (2)  Discrepancies 
between optical and dynamical analyses of the shapes of the earth, 
moon and Mors moy be accounted for by o theory proposing thot phose 
changes in the minerals of the rock mantle cause density variations 
which possibly contribute to gravitotionol fields of the planets while 
permitting isostatic equilibrium (3) Owing to the greoter resolution of 
radiation measurements from plonetory probes infrored meosurements 
from the Mors capsule should make it possible to determine whether the 
Sinton bands are due to gaseous obsorption or to the surfoce s reflective 
properties The COi concentration in the Venus atmosphere con be 
determined with precision from measurements of scattered solar radio 
tion in the ultraviolet (4) Preliminary estimates of air densities in the 
earth s exosphere hove been based on the orbit of Echo I A new method 
of onolysis is  presented which includes the effects of radiotion pressure 
(5) In evoluoting the future role of surface, balloon, and satellite obser 
vatories, and planetary probes, it i s  shown that much would be goined 
by an intensive coordinated program of observotion from ground obser 
vatories, from platforms outside earth‘s otmosphere, and from probe 
vehicles (6) Strong evidence is presented (Kaplon) against o recently 
published interpretotion (Kiess, Karrer, and Kiess) thot certain spectro 
indicate the presence of nitrogen oxides in the Mars atmosphere It i s  
shown in contradiction to this interpretation thot no more than trace 
amounts of nitrogen peroxide con exist on Mors or Venus (7) A method 
has been su ested by which the mean molecular weight of the goses in 
the Mars atmo here might be determined from meosurements of pres 
sure and velocity mod n the Mariner 8 capsule during its free fall 
descent I t  has b be culated that the Mars atmosphere may be like 
the atmosphere of Earth obove the IO-km level Also, on the bosir of o 
thorough analysis, it has been concluded tho, the mean temperature of 
the air near the Mars surface i s  somewhat lower thon hod been gener 
ally suspected, being about -25’C day and night ot 1 km obove the 
Mars equatorial surface (8) The published values of the surfoce grovity 
on Mars are discussed, and words of caution ore given on how they 
should be used (9) Despite the consistenc) of investigation results on the 
surface pressure of Mars, the likelihood of systemattc errors could leod to 

Rand Corp , Santb Monica, Calif 

(JPL Controct N 33561 (NASw 6)) 

a 50 percent error in reported values W D S )  
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N62-1 1286 
STUDIES OF THE PHYSICAL PROPERTIES OF THE MOON AND 
PLANETS. 
Qvarterly Technical Pragross Report No. 5, July 1-Sept. 30, 1961. 
Comp. ond ed. by M. H. Davis and S. M. Greenfield. Sept. 1961. 
56 p.  14 refs. 
(Memo. RM-2900-JPL) (JPL Contract N-33561; NASA Contract 
NASw-6) 
01s: ph $5.60, mi $2.00. 

Boric research studies on the properties of the moon and the planets 
deal with: ( 1 )  possibility of the Martian blue hore being produced by 
solor protons; (2) radiative temperoture distribution in a planetaty 
atmosphere; (3) study of planetory atmospheres by stellar occultations; 
(4) general circulation of planetary atmospheres, (5) use of a parachute 
in the Mars atmosphere; (6) age of the eorth-moan systems; and (7) apti- 
co! e!!ipticity and internal strijctijre of Mars. [J.R.C.) 

Rand Corp., Santo Monica, Calif. 

N62-1 1460 Air Force Cambridge Reseorch Labs , Geophysics 
Rereorch Directorole Bedford Moss 
SPACE AND PLANETARY ENVIRONMENTS 
Shea 1 Volley ed Jon 1962 220 p 288 refs 
(Air Force Surveys in Geophysics 139. AFCRL 62 2701 

CONTENTS 
1 INTERPLANETARY GAS AND MAGNETIC FIELDS Morvin 

L Whnte and A A Wyller Aug 1961 p 1 13 32 refs 
2 THE TERRESTRIAL MAGNETIC FIELD Paul Fougere 

June 1961 p I 5 3 1  30refr 
3 THE EXTERNAL TERRESTRIAL GRAVITY FIELD Belo Szobo 

June 1961 p 33 39 29 refs 
4 CORPUSCULAR RADIATION IN THE VICINITY OF EARTH 

Shea L Volley Oct 1961 p 41.62 22 refs 
5 SOLAR ELECTROMAGNETIC RADIATION H E Hmter 

egger June 1961 p 6 3 9 0  10refr 
6 THE LUNAR ENVIRONMENT John W Solnsbury July 

1961 p 91 126 62refs 
7 PLANETARY ENVIRONMENTS John W Solisbury July 

1961 p 127 161 40rels 
8 SPACE ENVIRONMENT OF THE SOLAR SYSTEM Gordon 

W Worer Nov 1961 p 163 220 63 re fs  

N62-11710 Marylond U College Pork 
SURFACE PROPERTIES OF THE MOON 
Ernst J Opik Repr from Progress in the Astronautical Sciences, S F 
Singer, ed Amsterdam North Holland Pub1 Co, 1962 v 1 p 219- 
260 56 refs 
(NASA Grant NsG 58 60) 
OTS ph $5 60. mi SI 73 

The origin of the lunor crater in meteoritic impact i s  beyond 
doubt, only o few minor formations are apparently of volcanic origin 
The craters on the lunar continents belong to the fino1 stages of accre- 
tion of the Moon The primevol craters have been obliterated in the 
morio which only r o r r y  the frnprlntr of the less numerous later col- 
lisions with the stray bodies of the solor system The phase law points 
to o rough surfoce covered with opoque grains or elevations The in 
crease in controst of the bright rays and dork spats near Full Moon can 
also be exploined by o greoter or smaller degree of roughness of these 
markings os compored with the overoge surface The dynomical 
shape of the Moon os chorocterired by i t s  principal moments of inertia 
would be equivolent to on uncornpensoted bulge of 1 I km directed 
towords the Eorth ond one of 0 8 km ot right angles in the equatorial 
plone it connot be eosily Interpreted as a "frozen I n '  fossil tidol 
bulge Controry to widr-prend opnoon the geometrncol shope of the 
lunor surface i s  closer to spherical than the dynomical shape of the 
Moon os o whole The overage level of the maria i s  2 52 f 0 13 Lm 
below that of the continents The density of the lunar atmosphere, 
probobly very much less than g/cm' can exceed that of inter 

planetory space by 2-3 orders of magnltude at mast The lunar dust 
layer equally covers the mountain slopes and the ploins. ond connot 
porress any opprecioble degree of fluidity The dust layer IS  thin, of the 
order of 5 cm on the slopes 20-100 cm on the ploms The small dit 
lerences in level suggest a high degree of plasticity of the lunar crust 
under the continents some 10 Lm below the surface A steep thermal 
gradient in the outermfst insulating layer of dust and rubble moy be the 
couse 1 0  thc rnawo the bedrock 01  conrolldoted by previous meltmg. 
would hove o higher conductivity ond o lower thermal grodtent except 
In the outermost loyer of dust From the stondpoint of lunar londings 
there Ihould be odequote superficiol support anywhere but. in view of 
the consolidated bore the moria ore preferable The absence of con 
siderable oherellects of past ttdal distortions of lunar craters shows 
that the croters were formed at a distonce of 30000-5oooO km or more 
when the Moon was already receding from the Earth In its tidal evolu 
tion In the liaht of the collisional orobabilitv theorv of accretion from 
frogments o consistent model requlres that the Moon wos formed from o 
ring of frogments orbiting the Earth, and not dlrectly from inter 
plonetory moterml At a distonce of 37000 Lm the tlme mtervol of 
formation m o y  hove been about 80 years with 4 years os the final 
stage when the craters on the continents were imprinted 

(Author Abstroct) 

N62-1 1754 New Mexlco U Engineermg Exoeriment Stotlon. AI. 
bsmuerque 

DENCE AND THEIR APPLICATION TO A N  ESTIMATE OF THE 
LUNAR SURFACE ROUGHNESS. 
Harbhajan S. Hayre and Richard K. Moore. Jan. 1962. 291 p. 
167 refs. 
(E€-67) (NASA Gront NsG-129-61) 
01s: ph $18.50. mi $8.93. 

A statistical model of a rough surface based on the roughness 
data obtained from contour mops of various types of terrains in the 
U.S.A. is set up and used to calculate the rodar-scattering cross 
section per unit area. These calculations are made possible since the 
surface height is  shown to have a normal distribution for many nat- 
urally occurring rough terrains; the surface height functions belong to a 
Gaussian random process. Also, the dota from the contour maps show 
that the spatiol height distance autocovariance function can be rea- 
sonobly well approximated by an exponentiol function. 

The modified Kirchhoff-Huygens' principle i s  used to colculate the 
received electric field from an incremental area on the rough surface. 
The Poynting vector is  employed to obtain the return power and the 
aperture effect pf the receiving antenna. The result i s  expressed in 
terms of the modified spherical variables. The phase effect due to the 

change in range caused by surface perturbations i s  expressed in terms 
of these new variables and the random height variables. The average 
of the return power is  then calculated using normal probability density 
function. The resulting expression is integrated to give the radar- 
scotterinq cross section per unit area. The experiment01 radar return 
from terrain and the Moon is shown ta verify this type of representotion 

This theory i s  used to determine a transitional value (which i s  in 
ogreement with previously reported results) of the rotlo of rodor- 
scattering cross section to wavelength in going from o quoso-smooth 
surface to a rough surface. A ratia of reference specular to opparent 
scotter is  introduced as o measure of the surface roughness, and i t s  use- 
fulness i s  demonstrated using acoustic simulator data on many types of 
rovgh surfaces. 

lunar radar echoes are acoustically simulated. Nonlinear acoustic 
modeling techniques used in this experiment are theoretically justified. 
and the experimental results indicate that the lunar spotial autacavar- 
ionce function i s  of exponential form. The presently owoilable lunar 
echo data, however, are insufficient to give any indication of the pres- 
ence or absence of  dust layers on the surface of the Moon. The average 
dielectric constants of the lunar surface cannot be precisely calculated 
from the existing data. ( J . R . C .) 

RADAR BACK-SCATTER THEORIES FOR NEAR-VERTICAL INCI- 
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N62-11797 
STUDIES ON THE RADIOACTIVE DATING OF THE LUNAR SURFACE. 
Status Report. 
P. Eberhordt ond J. Geiss. Jon. 19. 1962. 7 p. refs. 
(NASA Gront NsG-157-61) 
OTS ph 5 1 .  IO, mi $0.80. 

A gos extroction ond purificotion opporotus, suitoble for remote 
control, has been developed for the determinotien of isotope concen- 
trations of rore gases in lunor surface material. The apparatus can be 
used to obtain radiation oges from obundances of argon, neon, and 
helium isotopes; and argon potorsium, helium-uranium-thorium, and 
xenon-iodine oges con be estimated. The opporotus uses chemicol 
energy without on addition01 energy supply ond neither gives off gases 
nor creotes mechonicol shocks. The opporotus consists primorily of a 
molybdenum tube with o titanium sponge mounted inside it. The sys- 
tem i s  enclosed in o cylindrical box to prevent leokage of gases from 
chemicol reoctions; toto1 weight is  600 gms, which con probobly be re- 
duced obout 30 percent. A somple is  melted ond degassed in the tube, 
using heot from o FeO-AI reaction. The titanium sponge absorbs all 
but the rore goses. The opporotus has been tested by extrocting 
orgon from chondritic samples. The yield for A‘) was better thon 98 
percent; for A36 and A3*, better thon 90 percent. The opporotus con 
also be used for determintng of primordiol rore gases and volatile 
components ond a detailed study of the lunor otmosphere. Remote 
controlled doting methods, developed tor lunor invktlgotlon. could 
be applied to other bodies of the solor system. (M.P.G.) 

Physikolisches Institut, U. of Berne (Switzerlond) 

N62-1 1806 
STUDIES OF THE PHYSICAL PROPERTIES OF THE MOON AND 
PLANETS. 
Quarterly Tech. Progress Report (7). 
Apr. 1962 21 p. refs. 
(AR- 15-JPL) 
01s: ph $2.60, mi $0.83. 

Significant highlights of studies of the physical properties of the 
maan and planets were a s  follows ( 1 )  Computers a r e u e d  to calculate 
the Chandrasekhor X and Y functions for large values of Tau by the 
iteration process, assuming applicable approximations far the Tau para- 
meter. Other innovations used to obtain solutions were as fallows 
“correction” formula applied between iteration, the “standardization” 
of the Chandrasekhar functions far the cose $3, and variations in the 
iteration scheme. (2) Severol provisional models to illustrate the Martian 
atmosphere were built, and their validity is  being tested by calculating 
the heating rates within an atmosphere. (3) The scattering and polari- 
zation properties for haze particle distributions are being calculated ta 
aid in processing Mariner-B space probe observations, in evaluating 
Dolfus’ measurements on Marlin haze, and in testing the hypothesis that 
similar particles are responsible for both notilucent clouds on earfh and 
for the Martin blue haze. (4) The lunar surface may consist of finely- 
divided moterial that would permit a certain penetration of solar radi- 
ant heat creating subsurface layers warmer than the surface at middoy 
on the moon. During an eclipse, this would delay the fall of surfoce 
temperature. (5) If the lunor sur(Pce is made up of small groins that are 
charged, this material could have two stable conditions: a salid, with its 
groins cemented together by electrostatic image forces; the other, o 
tenuous dust-cloud with groins held apart by electrostotic Coulomb 
forces. (6) For the equatorial bulge of Mors to be isostatically compen- 
sated, the depth of compensation cannot be greater thon about 226 km 
since the percentage of crustal rock must be at leost on order of mogni- 
tude greoter thon thot in the earth. (7) Movement of the earth‘s oxis of 
rotation relotive to the crust of the eorth wil l cousc an asymmetrical 
distribution of moteriol which is  not in phose equilibrium. This osym- 
metric distribution of moteriol results in o dynamic equilibrium thot per- 
mits polor motion of o restricted rote. (M.P.G.) 

Rand Corp., Santa Monica, Calif. 

(JPL Contract N-33561(NAS7- 100)) 

N62-1 1907 
HOW A PICTURE OF THE OTHER SIDE OF THE M O O N  WAS OB- 
TAINED. 

Joint Publicotions Research Service, Woshington, D. C. 

6 

Geral’d Borisovich Bogotov. Feb. 19, 1962. 68 p. 

Tronsl. of Kok bylo polucheno izobrozheniye obratnoy storony Luny. 
S. I. Kotoyev. ea. Moscow-Leningrad, State Power Engineering Pub. 
House, 1961. p. 1-64. 
Distributed by OTS. 

N62-1 1926 
STARS O N  THE WIRE. 
V Chernikovo Mar 27. 1962 1 1  p 
(JPRS-13160) 
Tronsl from Nedelyo (Moscow), no 52, Dec 1961 p. 18 
Distributed by OTS. 

N62-12050 Morylond U., College Pork. 
DENSITY OF THE LUNAR ATMOSPHERE. 
E. J .  Opik and S. F .  Singer. 
May 5, 1961. p. 1419-1420. 14 refs. 
(NASA Gront NsG-58-60) 

The consequences of o model ore worked out in which the lunor 
atmosphere is  formed by grovitotionol occretion of interplonetory gos. 
Our results differ from those of Firsoff and of Brondt, portly becouse 
of the inoppiicability of the borometric equotion to the cose of on 
exosphere (Author Abstroct) 

(JPRS- 12543) 

Joint Publicotions Reseorch Service, Woshington, D c 

Repr. from Science. v 133, no. 3462, 

N62-12 164 Notionol Aeronoutics and Space Administrotion. 
Langley Research Center, Longley Stotion. Vo. 
FEASIBILITY STUDY OF A CIRCUMLUNAR PHOTOGRAPHIC EXPERI- 
MENT. 
William H. Michoel, Jr., Robert H. Tolson, and John P. Gopcynski. 
Washington, NASA, May 1962. 39 p. 13 refs. 
(NASA TN D- 1226) 
01s: 51.00. 

A study has been mode to investigate the feasibility of o high- 
resolution, lunor-surface photographic experiment, with the use of o 
circumlunor trojectory and with recovery of the film on return to the 
surfoce of the eorth. Porticulor ottention hos been given to procedures 
for obtoining high-resolution photographs of the lunar surface, for 
returning the undeveloped film to the eorth, and for recovering the doto 
pockoge on completion of such o mission. As on example of o typical 
existing vehicle which could be used for such on experiment, the 
chorocteristics of the Ronger spacecroft hove been used in applicable 
portions of the study. (Author Abstroct) 

N62-12436 Lomont Geologicol Observatory. Columbia U., Poli- 
sodes, N.Y.  
DESIGN AND CONSTRUCTION OF A LUNAR SEISMOGRAPH. 
Progress Report 11, 1 Jan. to 31 Mor. 1962. 
[Apr. 19621 7 p  
(NASA Controct NASw-82) 
OTS: ph $ 1  IO, mi $0.80. 

Preporotion for hondling ond onolyzing Ranger dato ond 
theoreticol studies to improve techniques for interpretotion of lunor 
seismic informotion hove continued. The prototype Surveyor seismometer 
system hos been bbricoted. and initio1 operotionol and environmentol 
tests were sotisfoctory. An onolog technique hos proved very successful 
for identifying earthquoke phases by seporoting doto of horizontol 
sheor wove energy, vertical shear wove energy, ond compresrionol 
wove energy directly on tope recorders. This technique should prove 
extremely valuable for onolyzing lunor doto Equotions for lunor tides 
have been programmed for the IBM 7090 at the Jet Propulsion 
Laboratory, ond first results are being evaluated. Fabrication and 
preliminory testing of the Surveyor seismograph prototype hove been 
completed, ond the system is thdergoing operational evaluation before 
delivery to the Jet Propulsion Loborotory. Vibration test results of a 
seismogr‘bph mockup indicate thot severe resonont vibrotions which 
existed in the rigidly mounted fixture con be effectively isoloted. 
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lnvostigations are underway to evaluate dry film lubricants for several 
parts of the seismogroph system. (V.D.S.) 

N62-12445 
RESEARCH REPORT OF ELEMENTAL ABUNDANCE5 OF THE LUNAR 
CRUST ACCORDING TO RECENT HYPOTHESES. 
Ann Palm and Robert G. Strom. Jan 1962. 56 p. 30 refs. 
(Ser. 3, issue 5) (NASA Grant NsG-145-61) 

Some of the recent hypotheses of the origin of the moon and its 
surface features are reviewed, and a most probable set of elemental 
abundances of the. lunar crust i s  deduced for each hypothesis by com- 
paring these rock types with common terrestrial ones, meteorites and 
tektites. The present study indicates that the lunar crust may be com- 
posed of aerolitic, acidic or bosic rock types. Depending upon the 
proposed mechonism of formation of the lunar surface, oerolitic or 
acidic materiais can occur in both the morio and the terrae, wniie 
basaltic rocks would predominate in the maria. This information can be 
used to interpret future in situ lunor elemental onolyses. If the meosured 
elemental abundances correspond to those charocteristic of acidic types 
of rocks, this would indicate that melting ond chemical differentiation 
had taken ploce some time during lunar history. (Author Abstract) 

Space Sciences Lob.. U. of Cdlif., Berkeley. 

N62-12459 Michigan U.. Ann Arbor. 
A LUNAR THEORY REASSERTED. 
K M Siege1 ond 1. B. A. Senior. Repr. from J. Reseorch Not Bur. 
Stondords. v. 66D. no. 3, May-June 1962. p. 227-229. \ 2  refs. 
(NASA Gront NsG-4-59) 

Until recently, we have not attempted to answer criticisms of our 
lunar theory in the belief that little i s  gained by o continual contest 
of words about what ore, aher all. only theories based on a limited 
omount of experimental data. In addition, it i s  proboble that, in the 
near future, new experimental results will be obtained which will indicate 
with more certainty the structure ond composition of the lunar surface 
ond which will then permit a more rigorous analysis of the scattering 
mechanism ot rodar wavelengths; and this would be the logicol time to 
ossess the merits of the rival theories. There would be little point in 
restating our own theory were it not for the fact that some of the more 
recent criticisms of it are based on an incorrect appreciotion both of 
i t s  origins and of i ts  main points. This is porticularly apparent in the 
recent poper by Winter 119623: and a brief restatement of our thesis is. 
therefore, necessary (Author Abrtroct) 

N62-12490 Notional Aeronautics and Space Adminlstration Wash 
ington, D C 
EXPERIMENTS FOR THE UNMANNED SCIENTIFIC EXPLORATION 
OF THE MOON 
Newton W Cunningham [ 19611 IO p [For presentation at the 
7th Annual Meeting of the AAS, Dallas 1961 I 
OTS $ 1  IO ph $0 80 mf 

The unmanned explorotion of the moon i s  expected to provide 
answers to o great many questions concerning the history of the earth 
moon system ond on the origin of other bodies in our solar system 
The meons for obtoinmg these answers lie in the efficient use of a 
voriety of scientifically instrumented spocecrah capable of probing. 
measuring, analyzing, and observing the properties of the lunar environ 
ment, surface and subsurface Some of the experiments being con 
wdered for lunar rough and soft Iondong payloods will be discussed os 
well as the type of information whxh would be most desirable from a 
lunar orbiter A brlef resume of the steps necessory in the develop 
ment of instrumentotion for unmanned geologic mvestlgations will also 
be Presented (Author Abrtroct) 

N62-12652 National Aeronoutics and Spoce Admmistration 
Longley Research Center, Langley Station, Va 

IMPACT CHARACTERISTICS OF VARIOUS MATERIALS OBTAINED 
BY AN ACCELERATION-TIME-HISTORY TECHNIQUE APPLICABLE 
TO EVALUATING REMOTE TARGETS. 

John Locke McCorty and Huey D Carden 
1962 6 3 p  15refs 
(NASA TN D 1269) 

Prolectiles were impacted on a variety of targets at relatively low 
impact veloctties to study crater characteristics and recorded accelero 
tion time histories The data are presented os o function of impact 
velocity or of parometers composed of vormbles contained in available 
impoct theories or developed from empirical analyses The results of 
the study indtcote that the surface penetrability or hardness of a r e  
mote target, such as the moon, can be described In terms of the 
penetrobility of accessible earth materials by means of an accelera 
tion timehistory technique (Author Abstract) 

Washington, NASA, June 

OTS SI 75 

N62-12797 North American Aviation Inc Downey Calif 
PROCEEDINGS OF THE [ELEVENTH] LUNAR AND PLANETARY EX- 
PiGiiAiiOiri COiiOGUiUM. BUitBANK, CALIF, N O V  28-29, 1961 
VOL 111. N O  1 
E M Follone ed May 15 1962 8 9 p  refs 

CONTENTS 
1 PLANETARY ATMOSPHERES p 1 2 1  refs 
2 SOLARPHENOMENA p 2349 refs 
3 THE ATMOSPHERE OF THE MOON p 51 68 refs 
4 PROBLEMS OF LUNAR AND PLANETARY EXPLORATION 

p 69 79 refs 

N62-12866 National Aeronautics and Space Administrollon 
Flight Reseorch Center Edwords Calif 
CREW SAFETY AND SURVIVAL ASPECTS OF THE LUNAR-LANDING 
MISSION 
Hubert M Droke 1196271 IO p 4 refs For presentation 01 

IAS meeting on Man s Progress in the Conquest of Space St Louis 
Mo Apr 30 Moy 2 1962 
01s $1 10 ph SO 80 mf 

landing mission are exomined The conditions requirlng abort to the 
earth lunor orbit ond lunor surloce ore determined Some of the 
possible design requirements to permit abort to lunar orbit or surface 
ore indicoted Lunor orbital’ ond surfoce ~urvival kits ore described 
ond the stotloning of such kits in lunar orbit and. at the intended 
Ionding sate i s  proposed [Author Abstroctl 

Some of the sofety ond surwvol orpectr of the monned lunor 

N62- 12898 Notional Aeronoutics ond Spoce Administration 
Langley Research Center Langley Station V o  
THE DESIGNATION OF SELENOGRAPHIC COORDINATES 
Williom H Michael Jr [Mar 5 19621 4 p Prepared ?or publi 
cation in Nature Typescript 
OTS $ 1  IO ph $0 80 mf 

Becouse of the confusion which exists today in the designotion of 
selenogrophic coordinates the lntrrnotionol Astronomicol Union has 
suggested o solution to the problem by adopting the following con 
ventions for compiling new mops of the moon ( 1  I ostronomicol mops for 
purposes of telescopic observotions ore oriented occording to os 

tronomicol proctice the South being up ond the terms East and West 
being deleted, (2) ostronauticol mops for direct explorotion purposes, 
are printed according to ordinory terrestriol mapping North being up 
East (11 the right and West, left, and (31 altitudes ond dostances ore 
given in the metric system W D S i  

N62-13341 

John D. Halajian. N.Y., Inst. of the Aerospace Sciences [1962]. 
32 p. 37 refs. Presented at the IAS National Summer Meeting, 
10s Angeles, June 19-22, 1962. 
(IAS Paper 62-1 23) 

Among the basic problems which will influence human existence 
and operation on the Moon, one of the least understood and recently 

Grumman Aircraf) Enginwring Corp., Bethpage, N.Y. 
LABORATORY INVESTIGATION ,OF “MOON-SOILS”. 

IAS: $0.50 members, $1 .OO nonmembers. 
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the most debated is the nature of the lunar surface. It is  believed 
that some aspects of current speculation pertaining to the mechanicol 
propeder of lunar soils could be elucidated in the laboratory. So+l 
behavior i s  basically a particle wrfacedependent phenomenon. The 
investigation of surface forces between u l t roc lwn soil particles, likely 
to be found on the Moon, i s  obscured by adsorbed impurities that are 
believed not to be released entirely under vacuum conditions hitherto 
achieved in the laboratory. Hence, special emphasis is  given to same 
problems of environment simulation. No less important are problems 
of moon-soil simulation. These are discussed in the light of ter- 
restrial- and lunar-soil generating mechanisms and existing but hitherto 
unused knowledge accumulated in the literature of allied fields. It is  
concluded that comminution of particles in vacuo could lead to a more 
realistic moon-soil sample than the difficult and questionable cleaning 
of earth-soils from their sorbed impurities. Predictions made on the 
grain size distribution of lunar soils are criticolly reviewed in terms 
of past and suggested experiments, and a coarser particle distribution 
is  found to  be more consistent with known aspects of lunar geology and 
environment and particle physics and surface chemistry. 

(Author Abstract) 

N62-13344 
METALASTIC WHEELS FOR LUNAR LOCOMOTION. 
Edward G. Markow. 
23 p. 
Lor Angeles, June l9-22,1962. 
(IAS Paper 62-135) 

This paper investigates, analytically and through model tests, 
locomotion techniques that can be applied to the mobility require 
ments of a lunar raving vehicle. After analysis of existing concepts 
of rigid wheel and track systems, a unique spaced-link elastic wheel 
system evolved. Model tests demonstrated that metal-elastic wheels 
offer the long footprint advantages of a track and the central hub 
simplicity of a rigid whwl. Using a rigid whw l  of equal diameter as an 
index of comparison, the elastic wheel is  shown to offer a 50 percent 
decrease in rolling resistance, a 40 percent increase in draw bar pull, 
and a significant increase in obstacle climbing performance. All tests 
and analyses use the procedures and techniques currently accepted in 
the land locomotion sciences. (Author Abstrad) 

Grumman Aircraft Engineering Carp., Bothpage, N.V. 

N.Y., Inst. of the Aerospace Sciences [ 19621. 
Presented at the IAS National Summer Meeting, 10 refs. 

IAS: $0.50 members, $1 .OO nonmembers. 

N62-13488 National Aeronautics and Space Adminlstrotlon, Wosh- 
ington, D.C. 
THE ROLE OF PROJECT RANGER IN THE NASA LUNAR PROGRAM. 
Oran W. N i c k s  N,Y.. Americon Rocket Society i1961; 6 p 
American Rocket Society Spoce Flight Report to the Notion, New York 
Coliseum: Oct. 9-15, 1961 
(ARS Paper 2236-61) 

Project Ronger i s  the first U S .  lunor probe designed for landing 
survivable poylood on the moon to determine lunar characteristics 
Early Ronger flights hove mission objectives to ( 1 )  test the bosic design 
ond operotionol features of o lunar spacecroft, and (2) obtoin inter- 
planetary doto with scientific instruments carried in place of the lunor 
capsules. Scientific experiments carried on the first Ronger spacecroft 
ore designed to obtoin information on magnetic fields, chorged parti- 
cles, solar X-roys, micrometeorites, and the effects of o vacuum environ- 
ment on friction. The landing mission Ronger, a seroes of spocecroft 
designed for the primory objective of gaining detailed doto on lunor 
characteristics, will consist of o bus (0 basic hexogonal structure with 
power supplies, rodios, altitude control, and midcourse guidonce) ond 
o landing copsule (0 seporoblo, survivable instrument package and 4t5 

retrorocket). The Ionding capsule will be launched from the bus ibst 
before the bus croshes on the lunar surfoce; the capsule wil l decelerate 
to ollow impact at o nominol speed. A vidicon comer0 will tronsmjt 
pictures of the lunor surfoce during the capsule opprooch, so thot eoch 
sequentiol picture will cover o decreasing area with increosing resolu- 
tion. The copsule will contoin a gommo roy spectrometer for determining 
the abundances of radioisotopes on the lunor surfoce and o single-0x8s 

ARS: $0.50 members, $1 .OO nonmembers. 
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seismometer to obtoh meosurcments for determining the nature of the 

(M.P.G ) lunor surface, its interior, ond its origin, 

N62-13633 
STUDIES OF THE PHYSICAL PROPERTIES OF THE MOON AND 
PLANETS. 
June 30, 1961. 91 p. 24 refs. 
(JPL Controct N-33561(NASw-6)) 
(RM-2817-JPL) 

The report contoins foctuol ond conjectural doto of the physicol 
properties of the moon and the planets Included in the report ore studies 
pertaining to o survey of the Moon's magnetic field, occelerotion of 
plosmo particles. the Mortion atmosphere, the gravity field ond internol 
structure of Mors, a suggestion for determination of wind vectors on 
Mors, a porometric cornporison of model atmospherespf the Earth ond 
Mors, and a survey of observationol methods for observing plonetary 
atmospheres. (P.F.E.) 

Rond Corp , Sonto Monica, Calif. 

Quarterly Technical Progress Report (4) .  

OTS: $8.60 ph. 52.93 mf. 

N62-13661 Seismological Lob, Calif lnst of Tech, Pasodeno 
A SEISMOMETER FOR RANGER LUNAR LANDING. Final Report. 
F E Lehner, E 0 Witt, W F Miller and R D Gurney May 15, 1962 
65 p 5 refs 
(Controct NASw 81) 
OTS $6 60 ph, $2 15 mf 

Reported in this paper i s  the development of a seismometer for use 
in the Ranger series of lunar landings The purpose of the experiment, 
instrument performonce specifications, and philosophy of design to 
ochieve the gools ore discussed An occount i s  giveq of prellmnnory 
experiments performed, development of flight prototypes and tests to 
verify survivol copobility A brief description i s  given of the dota 
transmission and onolog presentation system (Author Abstroct) 

N 6 2 - I  3889 Notionol Aeronautics and Space Administration. 
Morsholl Spoce Flight Center, Huntsville, Ala. 
LUNAR STORAGE OF LIQUID PROPELLANTS. 
W[i l l iom] E. Dempster, R. L. Evans, ond J. R. Olivier. 
ton, NASA, July 1962. 41 p.  4 refs. 

Washing- 

(NASA TN D-1117) OTS: $1.00. 
A geometric relationship is  established between the, angle of 

incidence of the sun's rays on the lunar surface and the lunar lati- 
tude ond time angles. This relationship shows that the lunar surface 
temperoture decreases with increosing latitude angles and that the 
lunor surface temperature i s  at its maximum a t  any given latitude at 
o time angle corresponding to noon. The surface temperature of a 
well-insulated liquid propellant storage tank is  examined in light of 
this relationship. Several parameters are examined to  determine 
their influence in  controlling the tank surface temperature; namely, 
tank surface properties, tank geometry, and local altering of the 
lunor surface in the vicinity of the tank. The storage period for 
high-boiling-point propellants may be indefinite under proper 
thermal conditions, owing to the equilibrium temperature of such 
propellants; low-boilingpoint propellants may be stored far a finite 
period only. The most desirable methods for maintaining these pro- 
pellant classes are presented with respect to latitude location, tank 
geometry, etc. In conclusion, a comparison of the storage times at- 
tainable for LH, storage above ground and below ground shows 
that they can be made almost equal. O n  the basis of this conc l r  
sion, i t  i s  seen that factors other than heat transfer decide whether 
the storage tank should be buried under or situated on the lunar 
surface. (V.D.S.) 

N 6 2 - I  3914  Jet Propulsion Lab., Calif. Inst. of Tech., Posodeno. 

SPACE PROGRAMS SUMMARY NO. 37-1 5, VOLUME V I  FOR THE 
PERIODMARCH 1, 1962 TO JUNE 1, 1962. SPACE EXPLORA- 
TION PROGRAMS A N D  SPACE SCIENCES. 
June 30, 1962. 94 p. refs. 
(NASA Controct NAS7-100) 



(JPL Spoce Progroms Summory 37-15, Vol. VI) OTS: $8.60 ph. 
53.02 mf. 

This report covers the current stotus of the Ronger ond Surveyor 
projects. The Ronger Prolect has entered the flight stage; Surveyor is  
in hordwore development. The obiective of the Ronger Project i s  to 
exploit present technology in support of the U.S. monned lunor flight 
progrom. Nine Ronger lounchings, using Atlas-Ageno B rockets, ore 
now plonned. Four of these flights hove been mode; the next i s  sched- 
uled for this yeor. Rangers 1 ond 2 were engineering evoluotion 
flights to test the bosic sys:em to be employed in later lunor and 
planetary vehicles. Severol scientific experiments were corried out, but 
on o noninterference bosis. The Ronger 3, 4, ond 5 spocecroft corry 
o gommo.roy instrument, o rodor reflection experiment, o TV comero, 
ond o rough-londing seismometer copsule. The 1963 flights (beginning 
with Ronger 6) wil l corry o high-resolution TV pockoge and additional 
;adio!ion expc::zcn!i Thc obiective of !he Surveyor Project is  !o !=ke 
the next step in odvoncing lvnor technology, by moking reconnois- 
sonce surveys from lunor orbit and\ controlled soft londings on the 
Moon. Seven flights using Centaur lounch vehtcles ore now planned. 
Surveyor spocecroft. being designed ond built by the Hughes Aircroft 
Company under JPL subcontroct. will corry o variety of instrumenrs, 
including TV cameras, rodiotion environment monitors, ond geophys- 
icol equipment for determining chorocteristics of the lunor sbrfoce. 

(P.F.E.) 

N62-14085 
DYNAMIC PENETRATION STUDIES IN CRUSHED ROCK UNDER 
ATMOSPHERIC A N D  VACUUM CONDITIONS. 
Dovid J. Roddy, John B. Rittenhouse, and Ronold F. Scott. Apr. 
6, 1962. 19p .  8 refs. 
(Controct NAS7-100) 
(JPL-TR-32-242) 

A device was constructed to  study dynamic penetration in 
crushed rock in high-vocuum (10 ’ mm Hg) conditions. The ap- 
porotus was designed to drop cylindrical, metal rods, pointed on 
one end, into cohesionless crushed rock material. Dynamic penetra- 
tion wos studied os o function of several porticle sizes and mixtures 
of these porticle sizes. Other foctors considered were-the density of 
pocking, probe dimensions, vocuum pressure, ond vocuum degas- 
sing rates. Experiment01 results show thot the density of pocking of 
the crushed rock particles is  the dominoqt factor offecting the dy- 
nomic penetration. The maximum penetration occurs in air in the 
crushed rock with low density pocking. The minimum penetration 
occurs in air in densely pocked moteriol. Dynomic penetration in 
vocuum for the low-density ond high-density pocking lies between 
the results of penetrotion in oir for the some pocking conditions. At 
Vocuum pressures obove opproximotely 0.1 mm Hg, all penetrotion 
volues opprooch the air penetrotion meosurements. 

(Author Abstract) 

Jet Propulsion Lob., Colif. Inst. of Tech., Pasodeno. 

OTS: $1.60 ph, $0.80 mf. 

N62-14197 School of Aerospoce Medicine, Aerospace Medical 
Div., Brooks AFB, lex.  
LECTURES IN AEROSPACE MEDICINE, [HELD AT SCHOOL OF 
AEROSPACE MEDICINE] 8-1 2 JANUARY 1962. 
119621 419p.  refs. 

CONTENTS: 
1. HISTORY AND BACKGROUND OF ASTRONAUTICS. 

Paul A. Campbell. p. 7-20. 19 refs. (See N62-14198 
12-16) 

2. OCCUPATIONAL MEDICINE AT THE LAUNCH SITE. 
Raymond A. Yerg. p. 21-44. (See N62-14199 12-16) 

3. SELECTION 8 STRESS TESTING OF ASTRONAUTS. Low- 
rence E. tomb. p. 45-64. (See N62-14200 12-16) 

4. BIOLOGIC EFFECTS OF HIGH ENERGY PRACTICES IN 
SPACE. Gerrit L Hekhuis. p. 65-76. (See N62-14201 

5. PHYSIOLOGIC NECESSITIES IN SIMULATED LUNAR 
FLIGHTS. Billy E. Welch. p. 77-96. (See N62-14202 

12-16) 

12-16) 

6. BIOMEDICAL MONITORING IN-FLIGHT. James A. Roman. 
p. 97-1 14. 

7. WEIGHTLESSNESS: A PHYSIOLOGICAL PROBLEM IN 
SPACE. Bruce H. Warren. p. 115-134. (See N62- 

8. NEWER ASPECTS OF SUBCELLULAR PHOTOSYNTHESIS. 
Daniel I. Arnon. p. 135-158. (See N62-14205 12-16) 

9. BIO-INSTRUMENTATION FOR SPACE FLIGHT. Ray W. 
Ware. p. 159-172. (See N62-14206 12-16) 

10. WHAT CAN M A N  CONTRIBUTE TO OPERATIONS IN 
SPACE? Robert Y. Walker. p. 173-190. (See N62- 

11. X-15 OPERATIONS IN PRE-LUNAR STUDIES. Robert M. 

(See N62-14203 12-16) 

14204 12-16) 

14207 12- 16) 

White. p. 191-210. (See N62-14208 12-16) 
12. RESPONSE OF MAMMALIAN SYSTEMS TO NON-UNIFORM 

SPACE RADIATION DOSE. Charles Sondhaus. p. 21 1- 
240. (See N62-14269 12-16) 

Burt Rowen. p. 241-256. (See N62-14210 12-16) 

p. 257-276. (See N62-14211 12-16) 

13. BIO-ASTRONAUTIC SUPPORT OF THE x-15 a DYNA-SOAR. 

14. INTERPLANETARY ENVIRONMENT. Robert Jastrow. 

15. EXTRATERRESTRIAL LIFE. Stanley L. Miller. P. 277- 
298. (See N62-14212 12-16) 

16. OCULAR EFFECTS OF PARTICULATE SPACE RADIATION. 
Jomes F. Culver. p. 301-326. (See N62-14213 12-16) 

17. MONITORING OF MOON BASE ATMOSPHERES BY GAS 
CHROMATOGRAPHY. Thomas B. Weber. p. 327-346. 
(See N62-14214 12-16) 

18. THE ECOLOGIC PROFILE OF THE MOON. Hubertus 
Strughold. p. 347-368. (See N62-14215 12-16) 

19. SOIL-LESS GARDENING ON THE MOON. Hans G. Cla- 
mann. p. 369-384. (See N62-14216 12-16) 

20. THE LUNAR CRUST FOR LIFE SUPPORT. Jack Green. 
p. 385-432. (See N62-14217 12-16) 

21. WHO OWNS THE MOON? Thomas A. Taggart. p. 433- 
446. (See N62-14218 12-16) 

N62- 142  14 
Div.. Brooks AFB, lex.  

MATOGRAPHY. 
Thornas B. Weber. In its Lectures in Aerospace Medicine, 1962. 
p. 327-346. (See N62-14197 12-16) 

Gas chromotogrophy has been used to seporote, detect and 
quantitote the otmospheric components ot otmospheric and lower 
pressures in the two-mon spoce cabin simulator. A two column gas 
chromatograph using molecular sieve ond silico gel adsorbents 
measured oxygen supply, oscertoined corbon dioxide and carbon 
monoxide levels, and measured humidity and inert gases. In addition, 
three multipurpose odsorbents ore ovoilable for chromatographic 
detection of a diverse group of volotiles that are or might soon be- 
come obnoxious, noxious, toxic or even lethal. These durable columns 
con be incorporated into o single package that could withstand the 
rigors of a lunar trip and, after arrival, could be expected to perform 
continuous otmospheric monitoring for extended periods at a lunar 
bore. (M.P.G.) 

School of Aerospoce Medicine, Aerospace Medical 

MONITORING Of MOON BASE ATMOSPHERES BY GAS CHRO- 

N62-14215 
1HE.ECOLOGIC PROfILE OF THE MOON. 
Hubertus Strughold. In School of Aerospoce Medicine. Lectures in 
Aerospace Medicine, 1962. p. 347-368. 16 refs. (See N62- 

Ecological considerations pertaining to their implications for a 
terrestrial visitor to the moon ore presented. Since the moon has little, 
if any, otmosphere, the lunar environment is  essentially a vacuum 
exposed to the full spectrum and intensity of solar radiotions with 
occomponying ocoustic. visual, thermal, and physiologic problems. 
Most of the physicol conditions lie ecologically below the minimum or 

Air U., Moxwell AFB, Ala. 

14197 12-16) 
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above the maximum human tolerance levels. Lunar life for terrestrials 
will in all probability be a sophisticated cave life in underground 
installations which will provide same thermal stability and shielding 
from meteorites and cosmic rays. The challenge to space medicine and 
bioastronautics is to artifically create an ecological optimum for 
lunar exploration. (M.P.G.) 

N62-14216 School of Aerospace Medicine, Aerospace Medical 
Div., Brooks AFB, lex. 
SOIL-LESS GARDENING ON THE MOON. 
Hans G. Clamann. In i ts  Lectures in Aerospace Medicine, 1962. 
p. 369-384. 8refs. (See N62-14197 12-16). 

Raising vegetables in hydroponic cultures on the moon seems 
possible. One requirement is  controlling and filtering the sunlight 
before i t  enters the hydraponium because of the deleterious effect of 
ultraviolet and infrared lights upon growth. Another requirement con- 
sists of creating a suitable artificial illumination. Recent botanic 
investigations seem to indicate that plant hormones can be utilized to 
stimulate growth in certain phases of plant development. Since it has 
been found that green leaves show the highest amount of protein and 
chlaraphyl in early stages of their development, early harvesting may 
be mare economical on the moon than it would be on earth. However, 
many problems !emain to be solved before the first home-grown lunar 
harvest. (Author Abstract) 

N62-14217 North American Aviation, Inc. Space Sciences lab., 
Dawney, Calif. 
THE LUNAR CRUST FOR LIFE SUPPORT. 
jack Green. in School of Aerospace Medicine. lectures in Aero- 
space Medicine, 1962. p. 385-432. (See N62-14197 12-16) 

An analysis of lunar topography is  given to establish the pres- 
ence of volcanism on the moon. The life support possibilities of the 
moon are shown to be greatest in the volcanic areas because they 
offer more protection, mare minerals, and mare warmth than any- 
where else on the moon. The geochemical and geophysical prospect- 
ing devices of the pretroleum industry are directly applicable to 
seeking out racks, minerals and thermal sources on the moon. The 
posfible applications of the likeliest volcanic materials (sulfur, pumice, 
valconic ash and volcanic rock) as well as the cosmic infoll materiol 
are explored to determine a possible lunar base technology. The 
availability of protective terrain and raw materials will be one of the 
factors to-be cdnsidered in selecting the lunor base site. (M.P.G.) 

N62-14427 California U., La Jolla. School of Science and Engi- 
neering. 
THE ORIGIN AND NATURE OF THE MOON. 
Harold C. Urey. 
265. 11 refs. 
(NASA Grants NsG-97-60 and NsG-98-60) 
(Smithsonian Institution. Publication 4437) 

To gain a better understanding of the origin and nature of the 
Moon, the physical features of the lunar surface are reviewed. The 
material studied includes the following: the origin of the craters; the 
shape of the Moon; the lmbrian collision; the time of occurrence of 
craters and lmbrion collision; composition of the maria; duration of 
the meteorite bombardments; and the other hemisphere of the moon. 

(J.R.C.) 

Repr. from Smithsonion Report for 1960, p. 251- 

N62-14433 Jet Propulsion lob., Calif lnst of Tech., Posodena 
PROGRESS REPORT ON RANGER. 
James D Burke N.Y , American Rocket Soclety, 1967. 8 p Pre- 
sented ot the ARS Lunar Missions Meetlng. Clevelond. Ohlo. July 
17-19. 1962. 
(ARS Paper 2493-62) ARS: 50.50 members, S1 .OO nonmembers. 

History and future plons of the whole Ranger prolect are re 

viewed. Scientific objectives are to find out what the Moon i s  like 
and why it i s  that way. Findings from o few isolated observations 
will ossist in the development of a complete lunar model for Apollo 
A secondary oblective i s  to survey the interplonetory medium enroute 

Four Rongers have been launched with a variety of difticultles 
plaguing each flight However, much operating and design datu were 
obtained Ranger 1 1 1  and its Ageno vehlcle are now in hellocentrlc 
orbits wlth periods of about 395 days Ranger IV made impoct on the 
far side of the Moon after a 64 hour fllght There WIII be one more 
Ranger flight during 1962 and the four remaining w ~ l l  b e  launched 
in 1963 

N62-14434 Jet Propulslon l a b  Calif lnst of Tech Posodeno 
MAN-TO-THE-MOON AND RETURN MISSION UTILIZING 
LUNAR-SURFACE RENDEZVOUS 
John Small ond Walter J Downhower N Y Am Rocket Society, 
I 19621 20 p Presented at the ARS lunur Mlssions Meeting Cleve 
land July 17 19 1962 
(NASA Controct NAS7 100) 
ARS Paper 2479 6 2 )  

i P F E i  

ARS $0 50 members, $1 00 nonmembers 
Thix paper presents a study on the use of a lunor surfoce ren 

deivous technique Advantage; of this technique include Use of the 
moon itself as a space station or assembly area which permits use of 
known I inar conditions for design criteria (no weightlessness prob 
lems) reduction of critical dependence of mission copobility on 
decisions relatlng to launching vehicle design and development, 
opportunity to commence parallel efforts on all system elements now, 
without dependence on the capability of inlecting large weights into 
earth orbit or escape tralectories, simuloted automatic lunor assembly 
ond check out operotions and stockpiling materials and testing and 
check out of return system before the monned portlan of the mission' i s  
carried out In terms of growth potential the lunar surfoce rendez 
vous concrpt i s  attroctive becouse i t  offers early development of 
techniques required by advanced missions Extensive manned lunor 
explorotion and the establishment of a lunar base or scientific station 
require the ablllty to perform lunar surface operations, including the 
rendezvous of payloads on the Moon and the constructlon and main 
tenance of long l i fe lunar facilities Results of the study include (1) de- 
velopment of o system concept far a manned landing and return 
mission ( 2 )  functional description and wetght estimates of system 
elements using a Saturn launching vehicle with an estlmated 30,000 Ib 
lunar inlection capability (3) operational sequence for the mission, 
(4) variations for a three man mission and a minlmum one-man 
mission (5) examination of lunor landing accuracy and lunar sur 
face operations, and (6) review of a program leqdlng up to the 
manned lunar landing and return mission ( P F E i  

N62-14439 
Ma. 
USAF CARTOGRAPHIC SUPPORT OF LUNAR MISSIONS. 
Robert W. Carder. N.Y., Am. Rocket Society, 1962. 18 p.  1 ref. 
Presented at the ARS Lunar Missions Meeting, Cleveland, July 17-19, 
1962. 
(ARS Paper 2474-62) ARS: $0.50 members, $1 .OO nonmembers. 

The United States Air Force i s  publishing a series of photographic 
and cartographic products of the moon. A Lunar Atlas containing a 
comprehensive selection of lunar photography has been published, 
fallowed by severol supplements. USAF Lunar Mosaics in several sizes 
are now available and a series of Lunar Aeronautical Charts, Scale 
1 :1,000,000, sheet size 22 x 29 inches are under construction. These 
charts, lithographed in four colors, contain 300 meter contours. This 
program is  being accomplished jointly by the Air Farce Cambridge 
Research Laboratory and the Aeronautical Chart and Information 
Center in collaboration with the scientific community. 

(Author Abstract) 

Astro-Electronics Div., Radio Corp. of America, Prince- 

Aeronautical Chart and Information Center, St. Louis, 

N62-14445 
ton, N.J. 
A LUNAR SURFACE MODEL FOR ENGINEERING PURPOSES. 
Victor P. Head. 'N.Y., Am. Racket Society, 1962. 14 p. 22 refs. 
Presented at the ARS Lunar Missions Meeting, Cleveland, July 17-19, 
1962. 
(ARS Paper 2475.62) ARS: $0.50 members, $1 .OO nonmembers. 
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Subresolution surface geometry ond soil strength of the lunar 
moria are deduced using evidence from several disciplincs Contigu- 
ous and overlopping craterlets in sintered gronular rock of strength 
proportional to depth ore predicted for the leost formidable areas. 
and demonstroted by table top models of the lunor surfoce ond by 
stotisticol and thermo mechonicol studies Scole foctors required for 
dynomic model testing of o lunor surface mechonism ot earth gravity 
ore derived and tabulated. with considerotlon for the interaction be 
tween model mechanism and environmental model terroin Vigorous 
pursuit of engineering interpretations of thermol, photometric rodor- 
echo ond rodor penetration evidence is  shown to be well worthwhile. 
and close up visuol observation and soil penetration experiments are 
urged os vital precursors to the monned lunar mission 

(Author Abstroct) 

N62-14457 Generoi Motors Corp. Deiense Systems Siv., Santa 
Barbora. Calif. 
A STUDY OF THE PHENOMENA QF IMPACT AND ITS RELATION 
TO THE REACTION OF THE LUNAR SURFACE TO THE IMPACT 
OF A LUNAR PROBE. 
J. William Gehring and David W. Sieck. N.Y., Am. Rocket Society, 
1962. 13 p. 19 refs. Presented at the ARS Lunar Missions 
Meeting, Cleveland, July 17-19, 1962. 
(ARS Paper 2476-62) ARS: $0.50 members, $1 .OO nonmembers. 

This paper describes the preliminary results of an experimental 
investigotion to evoluate the physical phenomena associated with the 
impoct of a lunar probe on the surface of the moon. In view of the 
tasks proposed by NASA for the future Surveyor and Prospector 
series of vehicles, it i s  of utmost importance to learn as much as pos- 
sible obout the lunar surface from the impact of the earlier Ranger 
Vehicle tests. The experimental program consisted of a porometric 
study involving the variobles associated with the impacting projectile 
versus targets designed to simulate the lunar surface. The tests con- 
sisted in firing projectiles of varied mass, material, and velocity into o 
variety of target moteriols. Observations were made and quantitative 
data were obtained for the mognitude of the luminosity of the impact 
flash, the duration of the flash, ond the spectrum of emitted light. 
Also, high-speed optical pictures were made to determine the dis- 
position of, the impacting projectile and the debris ejected from the 
resultant crater. From the analysis of the experimental data, it i s  
possible to make an estimate of the impact flash likely to be observed 
on impoct of a lunar probe on the moon's'surface. (Author Abstroct) 

N62-14459 Jet Propulsion Lob., Calif. lnst. of Tech., Pasadena. 
INTERNAL STRUCTURE OF THE MOON. 
Zdenek Kopol. N.Y., Am. Rocket Society, 1962. 19 p. 45 refs. 
Presented ot the ARS Lunar Missions Meeting, Cleveland, July 17-19, 
1962. 
(ARS Paper 2455-62) ARS: $0.50 members, $1 .OO nonmembers. 

From a survey of the present knowledge bearing an the internol 
structure of the Moon, these conclusions are drawn: The relatively low 
mean density of the lunar globe suggests that the Moon is  approxi- 
mately of the same composition as the terrestrial mantle, but is  either 
deficient in iron, nor enriched with some common low-density substance 
(such os Hz0 or Cz ). The mass of the Moon i s  in a state very close to 
hydrostatic equilibrium, but deviations. from it  (as inferred from the 
motion of the Moon) are significant. In particular, the observed libro- 
tion of the Moon i s  definitely inconsistent with an assumption that its 
form.is one of equilibrium. under forces prevailing at ony distance 
from the Earth. The crust of the Moon connot sustain largescale dif- 
ferences in level of more thon 1 km; ond the apparent absence of'free 
physical libration reveols that the degree of rigidity of the lunor 
globe r,iust be considerably less than thot of the Earth. Radiogenic 
heat produced by a spontaneous decay of long-lived radioactive ele- 
ments should have raised the present temperature of the bulk of the 
lunar mass to at least 1000" K even if the Moon originated as an 
initially cold body. Moreover, this temperature should ot present still 
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be increasing. The conductive temperature gradient created by rodio- 
genic heating exceeds the adiabatic gradient of molten rocks by o 
factor of 10 to 100 in most parts of the interior, rendering i t  almost 
certain that slow convection currents will provide ot least os effective 
meons of outword heat transport as conduction or radiation. Theoreti- 
cal considerations indicate, moreover, thot stoble convection flow can 
develop only for patterns chorocterized by spherical-harmonic sym- 
metry of very high order. This flow is  probably the main cause why the 
distribution of mass inside the Moon deviates from hydrostatic equili- 
brium, as evidenced by the motion of the Moon. The observed dispar- 
ity in distribution of the lunor maria between the near and fa: side of 
the Moon is  also likely to be due to this cause. Should the newly 
formed Moon have contained a sufficient proportion of short-lived 
radioactive elements to melt it completely in the first 10 million 
years of its existence, convective cooling would hove been capable to 
bring obout solidification in a comporoble period of time. The secular 
heating should, moreover, have been accompanied by a gradual 
escope of volatile elements or compounds from the interior; and 
observable surface manifestations of such processes are briefly dis- 
cussed. (Author Abstract) 

N62-14641 
EVALUATION OF INFRARED SPKTROPHOTOMETRY WR COM- 
POSITIONAL ANALYSIS OF LUNAR AND PLANETARY SOILS. 
Interim Repod No. 1, [Jon. 1 to Moy 15, 19621. 
R. J. P. Lyon. May 25, 1962. 31 p. 
(NASA Contract NASr-49(04); SRI Project PSU-3943) 
OTS: $3.60 p5, $1.13 mf. 

Characteristic spectral absorption peaks for various minerals 
are being determined and analyzed, because of the possibility that 
ihe analyses can serve as  the basis for instrumentation on lunar 
surface vehicles (Surveyor) or on orbiting spocecroh (Ranger). The 
instrumentation would use the reflected or emissive infrared radiation 
for compositional analyses of lunar soil. Quolitative analyses of 
purified single minerols (mainly silicates) hove been performed 
spectrophotometrically in the region from 4OOO cm-' to 400 cm-', 
using both the NaCl and KBr prism optical regions. The spectra of 
mixtures of minerals were found to  be additive, so chorocteristic 

obsorbonce peaks may be distinguished -even- when mineral &- 
centages in the rock are small. Quantitation of specific mineral 
content is  accomplished by placing reproducible quontitier of the 
minerol in  the infrared beam and plotting the obsorbonce values of 
the spectra obtained against concentrations of the mineral Anion 
obsorptions are indicative of chemical composition. Inorganic anions 
have strong simple obsorption peoks; a strong absorption within 
one of these spectral bands implies that a given functional anion 
group i s  present. The wavelength of this strong peak or of smaller 
peaks will indicate to which metal cation th.. group is bonded. 
Intermediate values for the principal absorbances ore diagnostic of 
solid solutions. Typical results for silicate mineral groups are 
presented. (M.P.G.) 

Stanford Research Inst.. Menlo Park, Calif. 

N62-14775 Center for Radiophystcs and Space Research, Cornell 
U., Ithaco, N.Y. 
SCOND PRELIMINARY REPORT ON EXPERIMENTS RELATING 
TO THE LUNAR SURFACE: 1. PHOTOMETRIC STUDIES. 2. P R O  
TON BOMBARDMENT OF MINERALS. 
Bruce W. Hopke. July 1, 1962. 65 p. 17 refs. 
(NASA Grant NsG 119-61) 
(CRSR-127) OTS: $6.60 ph, $2.15 mf. 

Preliminary results of two experiments relating to the nature of 
the lunar surface are described. These experiments are photometric 
dudks of surfaces and proton bombo:dmei;! of minerals. To scatter 
light in the same manner as  the moon a surface must be extremely 
intricate. Surfaces of solid rocks, slog or coarsely-ground rock 
powders are not sufficiently complex. However, when the particle 
size of the pulverized rock decreases below about 20 microns in the 
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laboratory these particles build extremely intricate surfaces which are 
capable of backscattering light strongly. An upper limit to particles 
which compose the outermost layers of the moon is  estimated to be 
50p, with 10p being more probable. In order to backscatter light the 
particles must be neorly opaque. 

The effects of proton bombardment depends on the chmical  
constitution of the irradiated mineral. Metallic Fe and Ag were 
reduced from Fe,O3 and A g A  respectively, while AIIO,, M g O  and 
Si02 were largely unaffected by 10 Lev protons. No welding or 
sintering of the mineral powders was observed. (Author Abstract) 

N62-15115 
LUNAR SEISMOLOGY. 
R. L. Kovach and F. Press. Aug. 10, 1962. 15 p. 19 refs. 
(NASA Contracts NAS7-100 and NASw-81) 
(JPL-TR-32-328) OTS: $1 .M) ph, $0.80 mf. 

A knowledge of the seismicity of the Moon will provide an insight 
into its thermal ond tectonic history. Analyses of lunar seismograms 
from a simple passive experiment should give an estimate of the . composition of the Moon and indicate its moin internal structural 
features, such as the presence of o lunar crust and core. Meteor 
impacts will most probably be recorded ‘by a lunor seismograph, 
even though the task of distinguishing such impacts from natural 
moonquakes may prove to be difficult. A single-oxis seismometer 
will be carried aboard Ronger 5, and the data from any lunar seismic 
disturbances will be telemetered to Earth for subsequent analyses. 
More sophisticated octive seismic experiments can contribute im- 
portant information on the regional and local voriotions in the in- 
ternal structure of the Moon and should rank high in priority for 
future lunar missions. (Author Abstract) 

Jet Propulsion Lob., Colif. Inst. of Tech., Pasadeno. 

N 6 2 - 1 5 1 1 7  Jet Propulsion Lab., Colif. Inst. of Tech., Pasadena. 
THE LUNAR SEISMOGRAPH EXPERIMENT: RANGER 3, 4, 5.  
D. F. Adomski. June 1, 1962. 41 p. 8 refs. 
(NASA Contract NAS7- 100) 
(JPL-TR-32-272) 

This report presents a description of the lunor seismogroph 
experiment carried aboord Rangers 3, 4 and 5-the first spacecraft 
capable of landing operating instrument pockages on the Moon‘s 
surface. The seismometer (seismic transducer) is  described along with 
its environmental testing, i ts  sterilization, ond i ts  integrotion in o 
lunor impact capsule as well as the dato processing system used and 
the form in which dato will be presented to the seismologists. 

(Author Abstract) 

OTS: $4.60 ph, $1.43 mf. 

N62-15123 
ley Research Center, Langley Station, Va. 

METRIC RELIEF OF THE LUNAR SURFACE. 
N. S. Orlovo (Leningrad U.). Woshington, NASA, Sept. 1962. 
22 p. 15 refs. Transl. by Nickoloi Chorczenko of ”lndikatrissa 
rasseyaniya dlya lunnoy poverkhnosti”. Astron. Tsirkulior Akad. 
Nauk SSSR (Kozan), no. 156, 1955. p. 19-21. and ”Fotometri- 
cheskiy rel’yef lunnoy poverkhnosti”,.Astron. Zhur. Akad. Nauk SSSR 
(Moscow), v. 33, no. 1, 1956. 

N a t i w l  Aeronautics and Spoce Administration. Lang- 

SELECTED ARTICLES ON LIGHT SCATTERING A N D  PHOTO- 

p. 93-100. 
(NASA TT F-75) OTS: $0.50. 

CONTENTS: 
1. DIAGRAMS OF LIGHT SCATTERING FOR THE LUNAR 

2. PHOTOMETRIC RELIEF OF THE LUNAR SURFACE. N. S. 
SURFACE. N. S. Orlova. p. 1-4. 3 refs. 

Orlova. p. 5-17. 12 refs. 

N62-15331 
(Netherlands). 

PHYSICAL METHODS. 

Commitiee on Space Research (COSPAR), The Hague 

SOME RESULTS OF THE MOON EXPLORATION BY RADIO- 

V. 5. Troitski (Gorky N. I. Lobachevsky State U.). 15 p. 
17 refs. Presented at  Third International Space Science Symposium 
and Fifth COSPAR Plenary Meeting, Washington, Apr. 30 to May 9, 
1962. Meeting cosponsored by NASA. 

Results about the nature, thermal regime, and the structure of 
lunor surfoce obtained by investigating lunor radio emission are 
presented. The studies were directed to reveal if there is  a strong 
nonuniformity of the surface loyer. It was found out by measurements 
atthe3.2cm range in 1952 to 1955 that the thicknessof radiating layer 
is  practically proportionol to the received wave. Hence, by carrying 
aut the meosurements of radiation in a large wave band one can 
explore the upper layer at  different depths and determine if there is  
a sharp change of layer properties by comparison of the character 
of radiation change at the different exploring waves. The meosure- 
ment accuracy of absolute values of lunor radio temperatures 
was not higher thon *15% and therefore cannot be used for 
obtaining definite conclusions. The low magnitude of ?: that i s  deter- 
mined according to the surface effect (emissivity) may be correlated 
with a strong surface roughness that i s  compared with the wavelength 
when the material is  sufficiently dense. The surface thermal param- 
eters determined from radiotion data are accurate to within 3~5%. 
It is  possible to determine the density and structure of the upper layer 
rocks from the thermal parameters. The obtained accurate data of 
the moon temperature at different wavelengths point out the possible 
existence of a thermal flux from underneath the lunar surface and 
that temperature increases in the center of the moon. (J.R.C.) 

N62-15502 National Aeronautics and Space Administration, w- 
dard Inst. for Space Studies, New York. N.Y. 

I19621 

AMERICAN PLANS FOR EXPLORING THE MOON W I T H  
INSTRUMENTS. 
Robert Jastraw. p. 702- 
705. 

Exploration of the Moon will begin with the landing of un- 
manned instrument packages prior to manned landings. The Ranger 
Spacecraft is  scheduled to carry comparatively simple instruments, 
such as a seismometer, to the Moon’s surface in the next year or two. 
later experiments to precede manned exploration may include the 
return of samples of lunar matter to Eorth and the deposit of remote- 
controlled mobile vehicles capable of sampling the composition ’of the 
surface over a large area around the landing sites. (R.C.M.) 

Repr. from New Scientist (London), v. 10. 

N62-15621 Manchester U. (Gt. Brit.) 
A ”SEEING M O N I T O R ’  FOR ASTRONOMICAL PHOTOGRAPHY. 
Tochnical Note No. 1. 
R. F. Edgar. Apr. 6, 1962. 44 p. 6 refs. 
(Contraa AF 61(052)-400) 
(AFCRL-62418) 

This report considers the principles of several types of apparatus 
to monitor swing conditions and to select favorable moments for 
taking photographs of the moon. (Author Abstract) 

N62-15742 
A GEOLOGICAL INTERPRETATION O F  THE LUNAR SURFACE. 
S. Miyamoto. Repr. from J. Intern. Lunar Soc., July 1959. 
9 p. 5 refs. 
(Kyoto U. Inst. of Astrophys. and Kwosan O b s .  Cantrib. no 90. p. 174- 
182) 

The origin of the lunar maria is  ascribed to the differentiation of 
the light-colored, lightweight silicic mass from the dark and heavy 
basaltic mass, os in our earth. This hypothesis was compared with the 
current ideo that the maria were formed by lava inundation following 
the subsidence. Difficulties with the lava inundation theory are pre- 
sented. These can be explained by the interpretation of the surface 
features based upon the differentiation hypothesis. The explosive na- 
ture of silicic mass and the fluidity of quiescent bosoltic mass ore 
shown to account for the different aspects of the vorious lunar con- 
tinents and marias. (Author Abstract) 

Kyoto U. Inst. of Astrophysics (Japan). 

1960. 
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N62-15743 
PHOTOGRAPHIC ATLAS OF THE MOON. 
S. Miyomoto and M. Matsui. 1960. 82 p. 
(Kyoto U. Inst. of Astrophys. and Kwasan Ob,. Contrib. no. 95) 

The Atlos contains 85 photographs of the Moon taken from 
1958 to 1960. A Cooke refractor with an aperture of 30 cm and 1/15 
was used. The opcrture was reduced to 22.5 cm to get the b e s t  image. 
A reflex comero with focal plone shutter was used with a Walz YA 2 
orange filter. The imoge of the Moon was enlarged with the Kellner 
eyepiece of focal length of 40 mm that i s  ottoched in front of the 
camera. The photographs are orronged beginning from the western 
part of the moon to the eastern regions. The ti. P. Wilkins lunar 
mop i s  recommended for correlation between photogrophs and the 
mop. (P.F.E.) 

Kyoto U. Inst. of Astrophysics (Japan). 

N62-15744 
MAGMATIC BOILING AND UNDERGROUND STRUCTURE OF 
THE MOON. 
S. Miyamoto. 1960. 7 p. 9 refs. 
(Kyoto U. Inst. of Astrophys. and Kwasan Obs. Contrib. no. 96, 

Evidence i s  presented that the lunar craters are formed as the 
traces of degossing processes at the time of crustal formation by 
cooling. After the lunar crust wos formed, the underground magmas 
boiled by further cooling and formed underground caverns filled with 
volotile constituents. This phenomenon is  known in petrology as the 
second boiling. Occasionol appearance of haze and gas ejection from 
lunar craters i s  attributed to the leakoge of gases from such under- 
ground caverns. (Author Abstract) 

Kyoto U. Inst. of Astrophysics (Jopan). 

p. 183-189) 

N62-16002 
LUNAR SURFACE STUDIES BY ULTRAVIOLET TECHNIQUES. 
F. F. Mormo and J. Sullivan. In its Plonetary Atmosphere Studies 
VIII: ... Fino1 Report. Dec. 1961. 22 p. 7 refs. (See N62- 

(NASA Contract NASw-124) 
The problem of optically determining the nature of the lunor 

surfoce is  discussed to outline an experimental program which will 
provide dota necessary for lunar londings. These dato con best be 
obtained by studying the variation with. wavelength ond ongle of 
incidence of selective reflectivity, polorizotion, ond luminescence 
in the spectral region below 3000 A. Since the presence of the eorth 
atmosphere precludes ground-based investigations in this region, 
rocket ond satellite-borne optical geor must be used for these meos- 
urements. The field doto thus obtained should be correlated to data 
obtained from loborotory vocuum ultraviolet studies. These new data 
should then form the basis of some of the important decisions required 
for the Ronger, Surveyor, Prospector, and Man-on-the-Moon projects. 

(R.C.M.) 

Geophysics Corp. of America, Bedford, Mass. 

16000 16-28) 

N62-16119 Joint Publications Reseorch Service, Woshington, D.C. 
ROLE OF RADIO ELECTRONICS IN SOVIET SPACE EXPLORATION. 
Gezo Sarkozy. Sept. 25, 1962. 12 p. Transl. of article in Hiro- 
dastech. (Budopest), v. 13, no. 2, 1962. p. 70-74. 
(JPRS-15430) 01s: $1.60. 

Literoture published on the radio electronics equipment installed 
in Soviet spoce vehicles i s  reviewed to outline the design principles 
thot hove been applied for precise orbiting ond ottainment of target 
trajectory. The great degree of precision is  obtained by automatic 
components combined with radio electronics. Radio communications is  
also important in space flight, since commond signals must be 
forwarded to the spoce ship, ond the dato of the vorious onboord 
measuring instruments must be repofled to earth vi0 rodio. Onboard 
equipment is  controlled by remote commond signols tronsmitted on 
o rodio channel; on example is  given of the tronsmission of 16 com- 
mand signals, using four frequencies on o single chonnel. The com- 
mand instollation consists of o control panel, on encoder, sound 
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frequency generators, ond o transmitter; while the onboard equip- 
ment consists of o receiver, filters, rectifiers, decoder signal receivers, 
decoders, and actuating units. The doto acquired upon command by 
the onboord measuring equipment is  generoted into signols which 
parr through a circuit commutotor and ore fed in sequence into a 
telemetry signol-formulating unit. The formed signols pass to a 
memory unit which stores them until o signal for their tronsmission 
i s  received from the earth station. Synchronization of the onboord 
and eorth circuit tommutotors is  occomplished by synchronizing 
impulses tronsmitted on the rodio band of the telemetry instollation. 
Advanced applications included the tronsmission of the television 
;amero signols from the rocket which photogrophed the back of the 
Moon; determinotion of the octuol orbit of the Venus sotellite when 
it was 100,000 km from the eorth; rodiolocotion of the precise dis- 
tonce of Venus; and determinotion of the precise ostronomicol unit. 
The most odvonced spacecraft permitted astronout conversations 
by using bidirectional telescript ond telephone connections functioning 
on two wovelengths, o tape recorder, and o portable rodio 
tronsmitter. (M.P.G.) 

N62-16180 
HYPSOMETRIC MAP OF THE MOON. 
Sept. 6, 1962. 3 p. Review of: V. B. Neyman. On the nature of 
the basic lunor formotions. Vsesoyuznoye astronomo-geodezicheskoye 
obshchestvo. Byull. no. 30 (37), 1962. 
(AID62-123) 

A hypsometric mop of the visible side of the moon, os well os a 
curve depicting the frequency of occurrence of elevotions ond depres- 
sions, hos been constructed. The mop shows the situation on the moon 
with respect to the polor areas to be analogous to the situotion ob- 
toining on the eorth. The groph showing the occurrence of heights ond 
depths i s  compored with one representing the same phenomenon on 
eorth. The lunor curve is  seen to resemble the half of the terrestrial 
curve representative of the oceanic oreo. Based on Borabashov’s 
doto, the lunor formotions ore related to terrestrial basic rocks (con- 
tinents) and ultrabasic rocks (seas). The groph of the lunar heights 
and depths is  then compared with o profile of the floor of the Pacific 
oceon. and the bosic formoticns of the lunor surfoce are seen to cor- 
respond to those of the terrestrial oceon floor. In both comparisons, 
rocks of on intermediate type ore absent. An interpretative comment 
states thot the hypsometric mop and the groph of lunar heights and 
depths ore sound contributions to lunor cortogrophy, but that the 
rock comporisons must be considered as speculotion until the precise 
nature of the lunar surfoce is  known. (M.P. G.) 

Aerospace Informotion Div., Woshington, D.C. 

p. 28-32, 
01s: $1.10 ph, $0.80 mf. 

N62-16189 
LUNAR SURFACE FORMATIONS. 
Sept. 4, 1962. 2 p. Review of: M. M .  Shemyokin. On  some 
potterns in the distribution of croter chains in the regions of Clavius 
and Hipporchus cirques. Vsesoyuznoye Astronomo-Geodeziches- 
koye Obshchestvo. Byull. no. 30 (37), 1962. p. 33-38. 
(AID-62.121) OTS: $1.10 ph, $0.80 mf. 

Definite geometric potterns hove been detected in the distribu- 
tion of parasitic croter choins in the ore0 of Clavius and Hipporchus 
cirques, which indicote thot the crater chains ore of o single genetic 
origin. In the cose of Clovius, o series of croters is  seen to form a 
spiral along the floor of the cirque. These craters decreose in size 
progressively os the distance between them decreases. The diameters 
of the successive croters proceeding upward from the floor of the 
cirques increase in on approximote geometric progression. In the case 
of Hipporchus. there are two chains of craters lying along o single 
circumference. In both cases, the larger craters ore manifestly older 
than the smaller ones. If the craters in each chain are interrelated, 
ond were formed os the result of a single process, then this process 
must hove taken place over o long period of time. The conclusion is  
that the potterns of younger craters could hove been coused only by 
endogenic forces. (M.P.G.) 

Aerospace Informotion Div., Woshington, D.C. 
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N62-16363 Jet Propulsion Lab., Calif. Inst. of Tech., Pasadena. 
RESEARCH SUMMARY NO. 36-12, VOLUME I FOR THE PERIOD 
OCTOBER 1,1961 TO DECEMBER 1,1961. 
Jan. 2, 1962. 140 p. 129 refs. 
(NASA Contract NAS7-100) 
(JPL-RS-3612, Vol. 1) 01s: $10.50 ph, $4.40 mf. 

This research summory covers the fallowing: space sciences, 
systems analysis, guidance and control, telecommunications, physical 
sciences, engineering mechanics, engineering facilities, and 
propulsion. (J.R.C.) 

N62-16369 Jet Propulsion Lab., Calif. Inst. of Tech., Pasadena. 
THERMAL HISTORY OF THE MOON AND OF THE TERRESTRIAL 
PLANETS: CONVECTION IN PLANETARY INTERIORS. 
Zdenek Kopal. Apr. 30, 1962. 49 p. 22 refs. 
(NASA Concract NAS7-100) 
(JPL-TR-32-276) 01s: $4.60 ph, $1.67 mf 

Arguments ore presented as to why the bulk of the mass in the 
interiors of the Moon or the terrestrial planets should be expected to 
be in convective equilibrium. I t  is  shown that the conductive tempera- 
ture grodient due to radiogenic heating is  likely to be super- 
adiabatic by one or two orders of magnitude, and that the rigidity 
as well as the viscosity of the rocks i s  insufficient to withstand this 
gradient for periods of time much longer than lo’ years-thus giving 
way to convective viscods flow. Equations of the problem are set 
up far the most general type, of the energy transfer. the requisite 
boundary conditions are stated, and the respective equations are 
linearized and reduced to tractob!e form;. An account is  made of o 
particular solution of linearized equations in a homogeneous con- 

ducting configuration, in which the density changes are invoked by 
the changes of temperature alone. An application of this theory to 
the Earth’s mantle reveals that such convection can indeed account for 
the observed coefficients of odd harmonics in the gravitational field of 
the Earth (as deduced from the secular perturbations of artificial 
satellite) for velocities of convection of one cm/year or less; but the 
stobility of such o flow would (for commonly accepted values of the 
viscosity of the terrestrial rocks) require a considerable reduction in 
the accepted estimates of the rate of radiogenic heat liberation, or a 
somewhat smaller increase in the adopted coefficient of heat 
conduction. (Author Abstract) 

N62-16389 Jet Propulsion Lob.. Calif. Inst. of Tech.. Pasodeno 
THERMAL HISTORY OF THE MOON AND OF THE TERRES- 
TRIAL PLANETS. 
Zdenek Kopol. May 1, 1961. 28p .  22 refs. 
(NASA Contract NASw-6) 
(JPL-TR-32-108) 015. $2.60 ph, 51.04 mf. 

The purpose of this report i s  to set up and solve the eouotims 
governing the thermal state and stress history of celestial bodies 
with o mass of the order of magnitude of that of the Moon or 
smoller terrestrial planets (Mercury, Mors). contoining a similor 
proportion of radioactive elements as !he chondritic meteorites. Both 
conductive and radiative heat transfer ore considered o n  the basis 
of exoct equations representing the conservation of energy In the 
case of conductive heat tronsfer, the equations ore lineor and admit 
of onolytical solutions for an arbitrary initial temperature or dis- 
tribution of heot sources; for radiative heot transfer, they ore 
nonlinear. thus, numerical integrotions represent the only workable 
method of solution. Whenever the internal temperature exceeds the 
melting point of the constituent rocks, the superadiobotic temperature 
gradient gives rise to convection which will also transport heat 
Thermol expansion of a solid body (or mantle) will again absorb 
energy ond subtract heot from the interior; should it exceed the 
elastic strength of the rocks, it may lead to a large-scale crocking 
of the crust An odequote description of the convection or expansion 
phenomena i s  not possible, however, within the framework of a 
linear theory, and ogoin numerical integrations represent the only 
avenue of approach. (Author Abstract) 

N62-16392 
NEW APPLICATIONS OF LUNAR SHADOW STUDIES. 
Howard Pohn, Bruce C. Murray, and Harrison Brown 
Publ. Astron. Sac. Pacific, v. 74, no. 437, Apr. 1962. 
14 refs 
of the Pacific, June 12-14. 1961. 
(NASA Grant NsG-56-60) 

Important topographic information can be obtained frorn the 
variation of percentage of shaded area in a region with changing 
elevation of the sun. Obiects of positive topographic relief generate 
significantly different curves than do those of negative relief. Although 
such curves do not bear o unique relationship to topography, o rough 
estimate of the relative amounts of positive o r d  negative topography 
can be mode and. a minimum value of the moximum slopes in the 
ore0 can be determined. The shadow variation concept may also 
help to exploin the lunar phase law. Specific data determined in this 
study ore: (1)  about 0 5% of the total lunar surface is  in permanent 
shade and (2) both Piton and Mosting exhibit slopes in excess of 
3 6  and of area extent well above minimum photographic resolution; 
about 1 O/o of the upland area in the vicinity of the crater Argelander 
exhibits a comwrable roughness. (Author Abstract! 

California Inst. of Tech., Pasadena. 

Repr. from 
p. 93-105. 

Presented at the Lor Angeles Meeting of the Astron. SOC. 

N62-16447 Space Sciences Lob , General Electric Co , Philodel 
phia Po 
PLANETARY ATMOSPHERES AND RELATED INFORMATION, A 

Aug. 1962. 
E Colobrese Aug 1962 46 p 110 refs 
(R62bD85) 

SUPPLEMENTARY BIBLIOGRAPHY TO R61 SD126, Oct. 1961 - 

N62-16618 Arizona U. Lunar and Planetary lab., Tucson. 
COMMUNICATI.ONS OF THE LUNAR AND PLANETARY LABORA- 
TORY, VOLUME I, NUMBERS 7-10. 
Gerard P. Kuiper and Barbara Middlehurrt. eds., et al. 1962. 
32 p. 17 refs. 
(NASA Grant NsG-161-61) 

CONTENTS: 
No. 7. -ON THE SPECTRUM OF LIGHTNING IN THE ATMOS- 

PHERE OF VENUS. A. 8. Meinel and D. 1. Hoxie. 
6 p. 16 refs. 

No. 8. O N  THE PROBLEMS OF SELENODETIC PHOTOGRAM- 
M E T R Y .  D. W. G.  Arthur. Dec. 8, 1961. 4 p. 

No. 9. PRELIMINARY DRAWINGS OF LUNAR LIMB AREAS, 11. 
Alika K. Herring. Apr. 13, 1962. 9 p.  

No. 10. TOPOCENTRIC LIBRATIONS OF THE YERKES LUNAR 
PHOTOGRAPHS. Jan. 16, 1962. D. W. G.  Arthur 
and C. S. Huzzen. 10 p. 

N62-16619 Arizona U. Lunar and Planetary Lab., Tucson. 
COMMUNICATIONS OF THE LUNAR AND PLANETARY LABORA- 
TORY. VOLUME I, NUMBERS 12-13. 
Gerard P. Kuiper and Barbara Middlehurst, eds., et al. 1962. 
131 p. 17 refs. 
(NASA Grant NsG-161-61) 

CONTENTS: 
No. 12. CONCENTRIC STRUCTURES SURROUNDING LUNAR 

BASINS. W. K. Hartmann and G. P. Kuiper. June 20, 
1962. 103 p. 9refs. 

No. 13.. EVALUATION OF THE RUSSIAN PHOTOGRAPHS OF 
THE MOON‘S FAR SIDE. E. A. Whitaker. May 18, 
1962. 36 p. 8 refs. 

N62-16M9 Lamone Geological Observatory, Columbia U., Pal- 
isades, N. Y. 
DESIGN AND CONSTRUCTION OF A LUNAR SEISMOGRAPH 
PROTOTYPE MODEL. Final Technical Report. 
M. Ewing. June 27, 1962. 160 p. 
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(NASA Contract NASw-82; Contracts JPL-950157 and JPL-950049) 
OTS- $1 1.50 ph, $5.00 mf. 

A prototype seismograph system is  dekribed for soft-landing on 
the lunar surface as a part of the Surveyor payload. The system 
consists of o three-component long-period seismometer, a one- 
component short-period vertical seismometer, a course leveling 
device, and a servosystem for leveling to within 10 seconds. The 
long-period seismometer has o free resonant period of 15 seconds 
a r d  tronsducer omplifiers to give maximum magnification of one 
million with a sensitivity of 250 millivolts per micron ground 
displocernent amplitude. The vertical seismometer has a free resonant 
period of 1.3 seconds and a moving-coil transducer. These units are 
supported by feedback control circuitry for maintaining central 
olignrnent and a calibration system consisting of an accurate current 
source which is  applied to the coil of eoch component on command. 
While this prototype instrument meets al l  of the operational specifica- 
tions, further work is  desired to improve its operation and reliability. 

(R.C.M.) 

N62-16658 Manchester U. (Gt. Brit.) 
STUDIES IN LUNAR TOPOGRAPHY. 
ZdenGk Kopal et 01. Bedford, Mass., Geophysics Research Directo- 
rate, Dec. 1961. 205 p. 31 refs. Work done in collaboration with 
Observatoire du Pic-du-Midi, France. 
(Contract AF 61(052)-168) 
(GRD Res. Notes-67; AFCRL-852) 
CONTENTS: 

I .  DETERMINATION OF THE HEIGHTS OF MOUNTAINS ON 
THE MOON. Z. Kopal and G. Fielder. p. 4-26. 

2. TECHNIQUES OF PHOTOGRAPHIC DETERMINATION OF THE 
HEIGHTS OF LUNAR MOUNTAINS, WITH APPLICATION TO 
THE REGION OF THEOPHILUS. D. Clarke. p. 27-46. 

TION OF LUNAR HEIGHTS, AND A PRELIMINARY STUDY OF 
THE REGION OF PTOLEMAEUS AND ALPHONSUS. 
G. Turner. p. 47-71. 

4. MEASURED PROFILES OF THE MOON'S SURFACE, AND THE 
ESTIMATES OF MAGNITUDES OF THE ERRORS IN RELATIVE 
ALTITUDES. G. Fielder. p. 72-107. 

5. A SYSTEMATIC MICRODENSITOMETRIC TECHNIQUE AND 
ITS APPLICATION TO FORMATIONS IN THE MARE IMBRIUM. 
1. W. Rackham. p.  108-136. 

&MEASURED HEIGHTS OF LUNAR MOUNTAINS IN THE 

3. ERRORS INVOLVED IN THE PHOTOGRAPHIC DETERMINA- 

SOUTH-EASTERN PART OF MARE TRANQUILITATIS. 
G. Turner. p. 137-149. 

7. MEASUREMENTS OF THE HEIGHTS OF THE WALLS OF THE 
CRATER ARCHIMEDES. G. Turner. p. 150-160. 

8. A CATALOGUE ,OF MEASURED HEIGHTS IN THE REGIO- 
MONTANUS AND HELL PLAIN REGIONS OF THE MOON. 
G.  Turner. 161-186. 

N62-16699 Arizono U Lunor ond Planetary Lab , Tucson 
COMMUNICATIONS OF THE LUNAR AND PLANETARY LABORA- 
TORY. VOLUME 1, NUMBER I I  
Gerard P Kuiper and Borboro Middlehurst eds, et 0 1  1962 
127 p 5 refs 
(NASA Grant NsG 161 61) 

CONTENTS 
N o  1 1  CONSOLIDATED CATALOG OF SELENOGRAPHIC 

POSITION> D W G Arthur June 19 1962 
124 p 5 refs 

N62-16730 
LYMAN-ALPHA A N D  THE LUNAR LIMB. 
Richard 1 Levy June IY62 8 p 5 refs 
(Contract AF 33t616) 7413) 
(GCA TR 62 13-A) 

Geophysics Corp of Amerira Bedford Moss 

Thi, paper deals with meo,urenlrnt, Involving the lunar Iinlb 
oh 'e iv td  in Lyman , I  rodiotion The main question wos Whlch would 
be brighter the moon reflecting solor Lymon ( I  emission, or the 
diltuse bockground glow caused by interplanetary Lyrron u radia 
tion? The answer to this question would determine whether the moon 
would oppeor silhouefled against o bright background or whether 
the moon would oppeor brighter thon its bockground From meos 
urernents mode by the Naval Reseorch Laboratory it wos known that 
the diffuse Lymon ( I  glow of the night sky wos 2 7 x lo-' erg crn t  

sec-' ster-' in the ontlsolor direction and slightly brlghter in other 
directions The reflectivity of the moon was estimated by extropolotion 
for the Lymon ( I  rodiotion wovelength of 1216A because it was not 
known below 2200 A Consequently, the surface brightness of the 
moon wos founa to be 5 4 x 10 4 erg cm * sec-1 ster-1 It wos thus 
demonstrated that the backgiound in 0 1 1  instances exceeds the lunor 
brightness by ot least one order of magnitude In Lyrnon ( I  light the 
moon therefore appears silhouetted agoinst the bockground (A S ) 

N62-16884 
LUNAR SURFACE FORMATIONS. 
Aug. 22, 1962. 2 p. Review of: A. M. Benevolenskiy. Role of 
cumulative processes in the formation of lunar craters. Byull. Vseso- 
yur. Astronomo-Geodezicheskogo Obshchestva (Moscow), no. 30. 

(AID-62-122) 
An hypothesis of the evolution of lunar topography is  presented 

as follows: The lunar craters ond cirques were formed in a remote 
selenological era when the lunar surface was still hardening. 
Meteorite impacts occurring at cosmic velocities on the unprotected 
lunar surface caused cumulative topographical phenomena an a 
mossive scale. After the lunar surface hardened, endogenic factors 
such as volcanic activity became the relief-forming agents. At one 
critical stage in the evolution, cumulative ejection of lunar matter 
led to the scattering of this material into space. The crust near the 

central peaks of craters is  the thinnest so volcanic activity is  most 
likely to occur in these areas. This hypothesis is  supported by an 
anologous experiment in which solld bodies were dropped onto a vis- 
cous surface (tar, cement, or gypsum) at the moment of hardening, 
causing a hole to form in the liquid surface. The collision of liquid 
particles rushing to fill the hole causes o small cumulative droplet 
to be ejected upward at a high kinetic energy l a  a considerable 
height. Solid models of typical lunar ring formations were obtained 
in this way, exhibiting surrounding walls, steep internal slopes, gentle 
external slopes, concave bottoms, rays, and clefts. This hypothesis 
reconciles the meteoritic and volcanic theories of lunar landscape 
formation. and may also explain the origin of tektites. (M.P.G.) 

Aerospoce Information Div., Washington, D.C. 

(37). 1962. p. 20-27. 
OTS: $1.10 ph. $0.80 mf. 

N62-16885 
LUNAR LIGHT POLARIZATION. 
Sept. 19, 1962. 3 p. Review of: Ye. K. Kokhan. Investigations, 
conducted in three regions of the spectrum, of the degree of palari- 
zation and of the ongle of the plane of polarization of light reflected 
from lunar details. IZV. Akad. Nauk SSSR. Komis. Fiz. Planet, 
no. 1, 1959. p. 41-53. 
(AID-62-142(Supplement to AID-62-4)) OTS: $1.10 ph, $0.80 mf. 

The polarization properties of lunar formations were investi- 
gated in the total luminous flux and in the blue and yellow spectral 
regions. The polarization of lunar light was observed from 1955 
through 1958 on two electropolarimeters: the "Pulkovo", mounted an 
the ACN-4 mirror-lens camera (D = 1.5m. F = 325 mm) and the 
"Abastumani", mounted an a 16" refractor (F = 6.8m). The percent 
of Polarization was computed from the sine curve on the continuous 
film recording. The conclusions made from this study are: 1) The 
degree of polarization of all details is  greater in the blue light thon 
in the yellow. 2) At phose angles *27.5" the degree of Polarization 
i s  equol to zero in al l  light. 3) Negative polarization is  observed 
between phase angles *27.5'. 4) Maximum negative polarization 

Aerospace Information Div., Washington, D.C. 
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occurs ot phase angles +14*. 5) Lunar seos yield the greatest 
polarization. 6) The position of the plone of polarization on the moon 
depends upon the phose ongle. 7) No difference is  observed in the 
position of the planes of polarization in total light, in blue light, or in 
yellow light. 8) At the moment of full moon a very rapid rotation of 
the plone of polarization tokes ploce. (R.C.M.) 

N62-I 6888 
LUNAR RADIO EMISSION. 
Sept. 21, 1962. 2 p. Review of: V. S. Troitskiy. Radio emission 
from the moon; the physicol stole and nature of i t s  surfoce. Izv. Akod. 
Nouk SSSR. Komis. Fiz. Plonet, no. 3, 1961. p. 16-29. 
(AID-62.149 (Supplement to AID-62-4)) OTS: $1.10 ph, $0.80 mf. 

Measurements of lunar radio emission on wovelengths of 0.4 to 
3.2 cm conclusively show thot the surface layer of the moon is  opprox- 
imotely homogeneous, at leost to a depth of about one'meter. These 
findings invalidate the hypothesized two-loyer structure. On the basis 
of electricol porameters, studies (0) the relotionship between electro- 
magnetic wove penetrotion and thermal wave penetrotion) show thot 
the upper lunor cover con be compqred with terrestriol rocks and 
does not contoin any significont oamixtures of metol powder, such as 
meteoric iron. These findings support the contention of an endogenic 
origin of the lunor cover. Comporison of the electrical porometers of 
lunor and terrestrial rocks indicates o low density for the former, 
resulting from high porosity. The high porosity argues against o dust 
structure. From the rotio of the true temperoture of the lunar surfoce 
and the first horrnonic of i t a  chotge, the true middoy ond midnight 
temperature at the surface of the moon were found to be 423" K and 
133" K, respectively. (V.D.S.) 

Aerospace Information Div., Washington, D.C. 

N62-16889 
LUNAR CRATERS. 
Sept. 21, 1962. 2 p. Review of: T. A. Polozhentsevo. On the 
state of Alphonsus crater before the onset of the eruption of 3 Nov. 
1958. IZV. Akad. Nauk SSSR. Komis. Fiz. Planet, no. 3, 1961. 
p. 46-49; and N. P. Baroboshov and V. 1. Yezerskiy. Spectrophoto- 
metric observations of lunar craters. 
(AID-62-150 (Supplement to AID-62-4)) OTS: $1.10 ph, $0.80 mf. 

A reexamination of the spectrogroms of Alphonsus crater ,ob- 
tained a few hours before the onset of.its eruption on Nov. 3, 1958, 
indicates thot neither o dust nor o gas cloud preceded the eruption. 
The spectrogroms showed o noticeobly attenuoted centrol peok in the 
violet, which wos previously ottributed to the ejection of volconic 
ash dust. The new interpretotion attributes the energy distribution 
of this centrol peak to differences in the spectrol reflecting power of 
individual sectors of the Alphonsus croter. (M.P.G.) 

Aerospoce Information Div., Washington, D.C. 

Ibid., p. 50-55. 

N62-17013 
LUNAR MICRORELIEF 
Sept. 19, 1962 2 p Review of: N. N. Sytinskoyo Probable dimen- 
sions of irregulorities in the microrelief of the lunor surface Izv. 
Akad. Nouk SSSR Komis. Fiz. Planet, no. 1, 1959 p 81-84 
(AID-62-141 (Supplement to AID-62-4)) OTS: $1.10 ph, $0.80 mf 

The size of the irregularities in the lunar microrelief has been 
estimoted by comparing the chorocter of reflected rodiont energy 
from the lunor surface in the optical and the decimeter ranges. The 
degree of smoothness of the surfoce of a celestial body is  indicoted 
by the omount of limb darkening, or, quantitatively, by the so-called 
smoothness foctor, q. For an ideal mirror surfoce. q will be infinitely 
large; for an ideally dull (orthotropic) surface, q = 1; far a dissected 
surfoce. q < 1, and the degree of dissection is  inversely proportional 
to the q-factor. Lunar objects were measured according to light 
groups (continents) and dark groups (seas), and values were or. 
ronged occording to the object's distonce from the center of the disk 
ot mean libration values. Brightness factors showed no evidence of 
limb darkening on the moon for either continents or seas; therefore, 

Aerospoce Information Div., Woshington, D.C. 

with respect to the visual wavelength range, the lunar sunace nos a 
smoothness factor q equal to zero, attesting to a highly dissected 
microrelief with irregularities that are not larger than l p .  Rodar 
investigotians (1.7-117 wavelength) show that the lunar surface is  very 
smooth; therefore, with respect to radio waves, the lunar surfoce 
approximotes a mirror surface whose irregularities are smaller than 
1.7 m. Consequently, the majority of the values of diameter d of 
lunar microrelief sotisfy the inequality l p  << d << 1.7 m; however, 
since the dark powdery matter in the optical wovelength range 
produces almost orthotropic scattering, the following inequality is  
possible: 0.1 mm < d < 0.1 m. On the basis of investigations of 
powders in the optical range, it i s  finally concluded that the dimen- 
sions of lunar microrelief irregularities are most likely 0.1 mm to 
10 cm. V.D.S. 

N62-17014 
LUNAR TEMPERATURE MEASUREMENTS 
Sept. 19, 1962 3 p Reviev, of: Yu. N. Chistyakov Attempt at 
determining the temperature of seporate sectors of the lunar surface 
IZV. Akad. Nauk SSSR p 46-54 
(AID-62-144)(Supplement to AID-62-4) 015: $1.10 ph, 10.80 mf 

The temperature of seporote sectors of the lunar surface was 
measured with a vocuum thermoelement (sensitivity, 10 V/W) set in 
the Newton focus of the 13-inch reflector at Abostumani Observotory. 
The amount of water vapor determining the absorption of planetory 
heat in the atmosphere was computed with Hann's empirical formula; 
the formula relates the amount of water vapor in a 1 i m '  column of 
atmosphere over the earth's surfoce to the absolute humidity at the 
surface. Computational results show that the temperature of the sub- 
solar point for a phase angle of 17.2 degrws is  375'. which coin- 
cides with the value derived theoretically by Pettit far the full moon. 
The temperature of seas is  about 10' higher thon that of the adjacent 
continents. The ratio of the visual and radiometric albedos of separate 
points.is the some as the rotio of meon albedos over the disk. V.D.S. 

Aerospoce Information Div., Washington, D.C. 

Komis. Fiz. Planet, no. 2, 1960 

~ ~~~~ 

N62-17309 
THE LUNAR PROBLEM. VOL. I: BIBLIOGRAPHY. VOL. 2: INDEX 
1. R. Mognolio ond J. R. Trew Oct. 1961 Val. 1, 272 p Vol. 2, 
29 p Vol. 2 contoins outhor, source and subject indices 
(STL/AB-61-5110-40) 

This bibliography is  composed of onnototed ond abstracted 
lunor references, orronged olphobeticolly by corporote source or by 
author when no corporate source is  given. The index, in the second 
volume, is  orronged occording to author. source, and fields of interest 
to the lunor problem. M.P.G. 

Space Technology lobs., Inc., lor  Angeles, Colif. 

1030 refs 
Available from Space Technology labs. 

N62-17341 Jet Propulsion lab., Calif. Inst. of Tech., Pasadena 

Manfred Eimer July 1962 5 p Repr. from Astronautics, July 

(NASA Controct NAS7-100) 
(JPL-TR-32-282) 

A variety of instruments will be used in an unmonned stationary 
lunar laboratory to observe the physical properties, texture, petrol- 
ogy, body structure, fields, atmosphere, and ionosphere of the moon. 
lunar texture can be observed by sequentially or simultaneously view- 
ing the surface in color or in stereo, or by viewing ot various surface 
resolutions in o range beginning with a fraction of a millimeter. The 
physical properties that must be known far a comprehensive under- 
standing and description of the lunar surfoce and subsurface mote- 
riol con be grouped as follows: density, thermal properties. acoustic 
properties, electromagnetic properties, and penetrability. Density can 
be measured by a gamma-ray backscattering method (emplacing a 
collimated gamma source and a collimated counter an or below the 
surface); temperature, by means of a toto1 rodiation pyrometer; 
acoustic properties, by recording arrival times, amplitudes, and wave 

MEASURING LUNAR PROPERTIES FROM A SOFT-LANMR 

1962 p30-33 

015: $1.10 ph, $0.80 mf 
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shapes of signals received at geophones emplaced by the spacecraft; 
electrical properties, by determining changes produced in inductive 
and capocitive devices placed neor lunar materiol; magnetic suscepti- 
bility, by determining the mutual induction caused by the presence 
of lunar material; and penetrability, by means of an indentation 
penetrometer. Petrological analysis will involve elemental analysis 
(using alpha activation, neutron activation, mass spedrometery, X-ray 
spectrometry, etc.); mineralogical analysis (using X-ray diff ractom- 
eter); visual microscopic examination (using petrographic microscope 
system); and determinotion of volatile constituents (using gas chroma- 
tograph). In order to understand the body structure of the moon, the 
notural modes of the moon's oscillations should be observed by meons 
of a three-axis seismic instrument that can detect motions on the 
order of 10 millimicrons. A measurement of ?he local magnetic field 
can be made with o three-axis magnetometer on or new the spoce- 
era)?. .A. possible lunor ionosphere can be examined by observing the 
variations in radio signals originating in the galaxy. The pressure of 
a lunar atmosphere could possibly be measured by a Redhead gouge. 

V.D S. 

N62-17492 Colorado School of Mines Research Foundation, Inc., 
Golden 
GEOLOGICAL AND THERMODYNAMIC ASPECTS OF LUNAR 
ROCKS 
Peter C. Bodgley, Felix C. Jaffe, H. Gordon Poole, and Peter 1. Siems 
Holloman AFB, N. Mex., Directorate of Research Analyses, July 1962 
95 p 68 refs 
(Contract AF 29(600)-2878) 

Technical Report [Mar 1961-June 19621 

(AFOSR/DRA-62-11) 
This report covers geological and thermodynamic aspects of 

lunar rocks. Basic problems of lunar geology are considered to 
establish criteria for statistical methods so as to establish whether 
these features originated by a volcanism or impact. The thermal rta- 
bility of typical oxides i s  Considered and it is  found to be thermo- 
dynamically feasible to obtain oxygen from silica or certain other 
oxides that will probably be found on the moon. Author 

N62-17662 
100 INCH REPRODUCTION OF 300 INCH MAP OF THE MOON- 

Hlughl Percy Wilkins 1937 1951 Third edition 25 sheets, 21 1 8 
x 21 5/8" Mops only, no text Ltd 
13, Railway Approach, London Bridge, S E I 

SECTIONS I -XXV 

Printed by W F Stonley 8 Co 

N62-17663 
s o  Poulo 
A LUA-CARTA SELENOGRAFICA [THE MOON-SELENO- 
GRAPHIC CHART] 
Dulcidio Dibo 1962 
sheet 37% " x 29% " 
(Astronomy Series No. 1) 

far the back side was toien from Russion photogrophs. 

lnstituto Brnsileiro de Astronautica e Ciincias Espaciais. 

2 maps with tables and projections on single 

This selenographic chart i s  for both sides of the moon. The data 
R.C.M. 

N62-17750 Joint Publicotions Research Service, Woshington, D C. 
NEW SOVIET STUDY OF THE LIMB ZONE OF THE MOON 
Anton Ageyevich Gorynyo and Vosiliy Kirillovich Drofa Sept. 18, 
1962 Tronsl. of the preface of the book "Rel'yef Krayevoy 
Zony Luny" Kiev, Publishing 
House of the Acod. of Sci. Ukrain. SSR, 1962 

16 p 
(Relief of the Limb Zone of the Moon) 

164 p 
(JPRS-15324) OTS: $1.60 

Lunar limb studies hove been made to determine the relation 
between opiicai iibrations ond the rodius of the visible lunar disc. 
The photographs used in this study were taken between 1950 and 
1955 on the Kiev State University astrograph (D = 200 mm, F 7. 

4.3 m). The processing of these photographs included the determina- 
tion of the scale, correction for refraction, and colculotion of radii of 

the most proboble circles from several points on the lunar profile. 
These data are used to determine the inclinotion of the real limb of 
the moon. After correcting the opticol libration for the dependence 
on the opticol density of the negative, it is  shown that the radius 
depends on the optical librotion in latitude as well as in longitude. 

R.C.M. 

N62-17762 

SPACE, N0.36, 1962 
A. V. Morkov et al May 31, 1962 36 p 46 refs Contains ab- 
stracts, summaries, and translations of articles from recent publica- 
tions of the Sino-Soviet Bloc countries 
(JPRS-13931) OTS: Annual subscription, $16.00 

This report contains information an the following: astronomy, 
meteorology, oceanography, hrrcs!ria! geophysics, and upper atmas- 
phere and space research. J.R.C. 

Joint Publications Reseorch Service, Washington, D.C. 

SOVIET-BLOC RESEARCH IN GEOPHYSICS, ASTRONOMY, AND 

N62-17884 

SPACE, NO. 46, 1962 
G. Arakelyan et 01 Oa. 31, 1962 27 p 45 refs Contains ab- 
stracts, summaries, and translations of articles from recent publica- 
tions of the Sino-Soviet Bloc countries 
(JPRS-15976) OTS: Annual subscription, $16.00 

Material gathered from recent publications of the Sino-Soviet 
Bloc countries i s  presented in the form of abstracts, summaries, and 
occasional full translations of articles an subjects of astronomy, 
meteorology, oceanography, geophysics, and atmosphere and space 
research. Complete bibliographic information accompanies each 
orticle. V.D.S. 

Joint Publications Research Service, Washington. D.C. 
SOVIET-BLOC RESEARCH IN GEOPHYSICS, ASTRONOMY, AND 

' 

N62-17940 General Electric Co. Electronics Lab., Syrocuse. N.Y. 
STUDY OF THE STATISTICAL PROPERTIES OF MICROWAVE 
FIELDS NEAR AN IRREGULAR REFLECTING SURFACE WITH 
APPLICATION TO SOFT LUNAR LANDING Final Report, Period 
July 1, 1961 thru Apr. 15, 1962 
F. R. Dickey, Jr. May 15, 1962 114 p refs 
(NASA Contract NAS5-1188) 
(R62ELS-42) OTS: $9.60 ph, $3.62 mf 

A preliminary study, including experimental simulation, has been 
made of the stotisticol properties of microwove fields in the vicinity 
of a large irregulor surface illuminated from a distance, as measured 
by moving probes. The opplicotion i s  to soft lunar landing, the 
primary oblect being to determine the feasibility of sensing the 
velocity vector, including spacecraft attitude relative to direction- of 
motion, by means of cross-correlation between spaced microwave 
receivers. The results indicate that a sensor equivolent to a self- 
contained Doppler rador, but lighter in weight and capable of 
working at much higher altitudes than a Doppler radar, may be 
feosible. However, much further study and experimentation is  
indicated. Author 

"-17976 Jet Propulsion Lab., Calif., Inst. of Tech., Pasadena 
SCIENTIFIC EXPERIMENTS FOR RANGER 3, 4, AND 5 
Oct. 1, 1962 29 p 10 refs 
(NASA Contract NAS7-100) 
(JPL-TR-32-199 (Rev.)) OTS: $2.60 ph, $1.07 mf 

This report presents descriptions of the scientific experiments to 
be carried on Ranger 3, 4, and 5 spacecraft-the first spacecraft 
designed to land operoting instrument pockages on the Moon's 
surface. The experiments include a vidicon camera to  obtain close-up 
pictures of the Moon's surface and show small-scale geological land 
forms and features. A gamma-ray experiment will determine the 
approximote concentration of the different radioactive materials 
present in the surface of the Moon. An altimeter will obtain radar 
reflectivity data. These data should be valuable in the determination 
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of the lunor surface structure. A seismometer will be landed to obtoin 
data regarding the inner structure of the Moon and the magnitude 
and depth of any  seismic octirity. Author 

1963 

N63-10225 Lowell Observotory, Flogstoff, Arir. 
PHYSICS OF THE PLANETS 
William M. Sinton In Virginio Polytechnic Inst., Blacksburg. 
Physics of the Solor System, Part 1. Proc. of the Conf. on 
Physics of the Solor System and Reentry Dynomics, July 31 to 
Aug. 11, 1961 p 126-165 (See N63-10220 01-05) VPI: $1.50 
Portions of this paper appear iq T k  Moon-Its Astronomy and 
Physics. 

Planetory physics i s  discussed in terms of observations made 
frpm the eorth. The methods of observing the plonets are reviewed. 
The data obtoined ore reloted to plonetory surfaces and atmor- 
pheres. R.C.M. 

N. Y., Acodemic Press., 1961 

N63-10227 Lincoln lab., Mass. Inst. of Tech., Lexington 
RADAR STUDIES Of PLANETARY SURFACES 
G. H. Pettengill In Virginia Polytechnic Inst., Blacksburg. Physics 
of the Solar System, Pari I. Proc. of the Conf. on Physics of the Solar 
System and Reentry Dynomics, July 31 to Aug. 11, 1961 p 210-236 
33 refs (See N63-1022001-05) VPI: 51.50 

Rodor studies of the plonetory and lunor surfocer ore reviewed 
to point out the principal contributions they hove mode to knowledge 
of these bodies. The dato obtained from these studies include the path 
loss, echo delay, Doppler Shih, ond surface effects. These doto hove 
provided knowledge of the moon ond planets in three moior oraas: 
(1) the dynamics of the orbits, (2) the composition of the materials 
of the surfoce. ond (3) the geogrophy of surface features visible ot 
rodio-wavelengths. R.C.M. 

N63-10228 

SURFACES 
John V. Evans In Virginio Polytechnic Inst., Blacksburg. Physics 
of the Solar System, Part I. Proc. of the Conf. on Physics of the 
Solar System ond Reentry Dynomics, July 31 to Aug. 11, 1962 
p 237-259 23 refs (See N63-10220 01-05) VPI: $1.50 

T k  techniques avoiloble to rodor astronomy are reviewed to 
determine their usefulness in studying the roughness chorocteristics 
of lunar and planetary surfaces. It is  shown thot rador measurements 
yield information only obout the presence of irregularities on the 
surfoce that have sizes ranging from less than one to tens of wove- 
lengths. Structures which are considerobly smaller than the wove- 
length may never be detected and large structures may be examined 
only if they ore not covered by smaller irregulorities. It is  concluded 
that the present techniques can only provide a measure of the 
fractional amount of surface which has o roughness of the some 
size as the wavelength and the averoge gradient of the remainder. 

R.C.M. 

Lincoln lab., Moss. Inst. of Tech., Lexington 
RADAR METHODS OF STUDYING DISTANT PLANETARY 

N63-10334 Jet Propulsion Lob., Calif. Inst. of Tech., Pasodeno. 
SPACE PROGRAMS SUMMARY NO. 37-17, VOLUME V I  FOR 
THE PLRIOD JULY 1, 1962 TO OCTOBER 1, 1962.. SPACE 
EXPLORATION PROGRAMS AND SPACE SCIENCES 
Oct.31, 1962 67p 5refs 
(NASA Contract NAS7-100) 
(JPL Space Programs Summary 37-17, Val. VI) OTS: $6.60 ph, 
$2.21 mf 
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This report covers the space exploration programs and spacr 
sciences os follows the Ronger, Surveyor, Mariner, and Voyager 
Projects; the DSIF trocking of Moriner 2; geaphysicol instruments 
for lunar exploration; television subsystems for planetory studies; 
and a study of the Odesso iron meteorite. R.C.M. 

N63-10371 
PRELIMINARY LOCOMOTION ANALYSIS OF LUNAR SURFACE 
VEHICLES 
W. B. Sponsler Office of the 
Deputy Commonder far Aerospace Systems, Lor Angeles, Calif. 
Transactions of the 7th Symp. on Ballistic Missile and Space 
Technal., U. S. Air F o r b  Academy, Cola., Aug. 13-16, 1962 
Vol. I p 23-52 14 refs (See N63-10370 01-01) 

This p o p r  summarizes o preliminary study of whiculor mobil- 
ity on the lunar surface. Boric modes of controlled locomotion are 
discussed, and the most promising (rigid and flexible wheels and 
tracks) are analyzed. The effects of surface characteristics, vehicle 
weight and tread configuration ore related to traction, rolling 
resistance, ronge, abstocle capability and occelerotion. Typical 
examples are compared, varying the lunar surface porometers to 
develop o relative evaluation and to present a method for further 
analysis. The necessity for slow speeds and the effects of lunar 
environment upon traction, ride, stability, braking and other factors 
are also discussed. Author 

Northrop Space Labs., Hawthorne, Calif. 

In Air Force Systems Command. 

N63-10372 Armour Research Foundation, Chicago, 111. 
PENETRATION STUDTS OF SIMULATED LUNAR DUST 
R. D. Towe and E. 1. sd ig  In Air Force Systems Command. 
W i  of the Deputy Commander for Aerospace Systems, L o l  Angeles, 
Calif. Tramactions of th. 7th Symp. on Ballistic Miuik and Space 
Tochd., US. Air Force Academy, Cdo., Aug. 13-16, 1962 Vd. I 
p 53-72 3 r e f s  (Sea N63-1037001-Ol) 

Results are presented for the static and dynamic penetration 
resistance of a simulated lunar dust in a hard vacuum environment. 
Specimens of finely g r w n d  silica, covering a range of densities. 
w m  t d  at o number of absolute p r w r e s  from OM otmorphore 
down to 5 x W torr. Whik th. nature of th.ir khavior was smw 
what different, both static and dynamic penetration resistance were 
f w n d  to depend significantly on initial specimen density and an 
vacuum kwls, increasing with an increase in density or a decrease in 
pressure. Author 

N63-10526 

SPACE, NO. 48, 1962 
Gennodiy Vorobyev Nov. 30, 1962 31 p 46 refs Contoins 
abstrocts. summories, and translotions of articles from recent 
publications of the Sino-Soviet Bloc countries 
(JPRS-16455) OTS: Annual subscription, $16.00 

. This semimonthly seriol publicotion consists of moteriols gathered 
from recent publications of the Sino-Soviet Bloc Countries, presented 
in the form of abstrocts. Author 

Joint Publicotions Reseorch Service, Washington, D. C. 
SOVIET-BLOC RESEARCH IN GEOPHYSICS. ASTRONOMY AND 

N63-10701 California U., Berkeley. Space Sciences lab .  
POSSIBLE ELEMENTAL ABUNDANCES OF THE LUNAR CRUST 
Ann Polm and Robert G. Strom Repr. from Publ. Astron. Sac. Poci- 
fic. v. 74, no. 439, Aug. 1962 p 316-322 
(NASA Grant NsG-145-61) 

Possible rock types consonant with some of the recent hypotheses 
concerned with the origin of the moon's surface structures hove been 
derived. These materials were compared with common terrestrial 
rocks, meteorites, ond tektites of known chemical compositions, and a 
most probable set of elemental abundances of the lunar crust was 
deduced for each hypothesis. Oxygen, Si, AI, Fe, Mg, Ca, No, K, and 
Ni ore the principal elements that distinguish t k  rock types. T k r e -  
fore, the abundance rotios of these elements constitute one of the 
important criteria for deciding whether volcanic or impact mechanisms 
predominated in the shaping of the surface features. J.R.C. 

10 refs 
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N63-10997  
A POSSIBLE ORIGIN OF THE LUNAR WAUED PUIN, PTOLL- 
MAEUS 
Robert G. Strom and A. Palm Oct. 15, 1962 15 p 18 refs 
(NASA Gront NsG-145-61) 
(Its Ser. 3, Issue 24) OTS: $1.60 ph, $0.80 mf 

The tectonic associations between the diverse features in Ptole- 
moeus ond the regional radial and parallel grid systems have been 
investigoted. On the basis of this analysis, it has been concluded that 
Ptolemoeus represents o collapse feature and that it underwent o pro- 
trocted development. Author 

Colifornia U., Berkeley. Space Sciences Lab. 

N63-11013 

SPACE, NO. 29, 1962 
K. V. Kuvshinova et 01 Feb. 15, 1962 42 p 65 refs Contoins 
abstracts, summories, and translations of articles from recent publica- 
tions of the Sino-Soviet Bloc countries 
(JPRS-12445) OTS: Annual subscription, $16.00 

This report, containing obstrocts, summories, and translations, 
covers the following: astronomy, meteorology, oceanography, ter- 
restrial geophysics, and upper atmosphere and space research. 

J.R.C. 

Joint Publications Research Service, Washington, D.C. 
SOVIET-BLOC RESEARCH IN GEOPHYSICS, ASTRONOMY, AND 

N63-11017 Manchester Coll. of Science ond Tech. (Gt. Brit.) 
LABORATORY SIMULATION OF LUNAR LUMINESCENCE 
Annual Summary Report No. 2 
J. E. Geoke, M. D. Lumb, and J. Derhom 
(Gront AF-EOAR 61 (052)-379) 

Mar. 1962 7 p 

(AFCRL-62-1099) 
Instrumentation for loboratory simulation of lunor luminescence 

is  procticolly completed, and the luminescence of some tektite ond 
meteoric samples has been investigated. The grating monochro- 
mator has been completed ond calibrated, and the equipment for 
ultraviolet ond proton excitation has been designed so that the 
luminescence excited by UV and protons can be investigated one 
after the other with the somple in the some place. A few tektite 
and meteoric somples have been scanned with this equipment; also, 
arrangements hove been made to use the large collection of meteoric 
moteriol in the British Museum. M.P.G. 

N63-11018 Monchester U. (Gt. Brit.) 

FOR MOON TRACKING AND PHOTOGRAPHY 
mary Roport No. 2 
Zdenik Kopal Mar. 1962 11 p 
(Contract AF 61(052)-400) 

RESEARCH STUDY AND DEVELOPMENT OF 1 METRE-MIRROR 
Annual Sum- 

(AFCRL-62-1100) 
The optics for the 43-inch telescope, ordered the previous year, 

was delivered up to specifications and instolled at the Observatoire 
du Pic-du-Midi in preliminary mounting in November 1961. Extensive 
optical tests of the 43-inch mirror in the factory at Newcastle and 
in i ts cell on Pic-du-Midi-both visual and photographic-have 
revealed the opticol surface to be correct within + A / 2 0  over 90% of 
its effective arc; slightly larger deviations hove +n encountered 
only within the last 7-cms. of i ts free aperture. The first photographs 
of the Moon;socured with the aid of this mirror in a 1/15 Cossegrain 
combination immediately after the end of the period covered by this 
repor?, are of excellent quality and augur well for the future. Author 

N63-11019 Manchester U. (Gt. Brit.) 
SPECTROPHOTOMETRIC STUDY OF THE LUNAR SURFACE 
Annual Summary Report No. 2 
ZdenZk Kopol Mar. 1962 12 p 2 refs 
(Contract AF 61 (052)-378) 
(AFCRL-62-1096) 

The instruments designed for the study of lunar luminescence as 
well OS for the measurement of the polarization of moonlight during 

the period covered by the last year’s Annuol Summary Report have 
been built in our loboratories at the university of Manchester, and 
their field use commenced both ot the 50-inch reflector of Asiogo 
Observotory of the University of Podua ond the 15-inch refractor of 
the Wilfred Hall Observotory ot Preston, Laniorhire. 

Preliminory results of the reduction of observotions do disclose 
the presence of on opprecioble luminescent component in moonlight, 
omounting to a few percent of the totol. There is, moreover, evidence 
on hond (though not yet definitive) thot the omount of luminescence 
fluctuotes both with the time and in frequency; but it will be the 
task of further observotions plonned for the period immediately 
following that covered by h i 5  report, to establish this with final 
volidity. Author 

N63-11273 Martin Co., Boltimore, Md. 

ON THE LUNAR SURFACE 
libor Buna N.Y., Am. Rocket Soc. (1962) 37 p 15 refs Pre- 
sented at  the ARS 17th Annual Meeting and Spoce Flight Exposition, 
Lor Angeles, Nov. 13- 18. 1962 
(ARS Paper-2690-62) ARS: $0.50 members, $1.00 nonmembers 

The passive thermal control ospectr of above-surface storage of 
propellants on a lunor equatorial site are examined. A method is  
developed for predicting voporizotion rates, mean temperatures and 
temperature amplitudes of insuloted propellants e x p o d  to stabi- 
lized-periodic heoting in the lunar environment. It i s  shown that, with 
modest investment in required insulation weights, propellant tempera- 
ture levels comparable to earth-ambient temperatures may be main- 
tained indefinitely on the lunar surface, and boil-off rates of cryo- 
genic propellants moy be kept within acceptable limits for storage 
times up to several lunor cycles. The feasibility of artificially modifying 
the effective reflectivity of the lunar surface is  estoblished. and the 
effect of such modification on performonce i s  evoluoted. The relotive 
effects of surface opticol properties, insulotion heat transfer mech- 
anism (conduction versus rodiotion) and the spatial ond temporol 
distribution of the environmental rodiotion intercepted by the con- 
toiner ore discussed in the light of three insulation concepts. Author 

THERMAL ASPECTS OF LONG-TERM STORAGE OF PROPELLANTS 

N63-11407 RAND Corp., Santa Monica, Calif. 
STUDIES OF THE PHYSICAL PROPERTIES OF THE MOON AND 
PUNETS Quarterly Technical Progross Roport (8) [April 1, 
1962 to June 30 ,19621  
July 1962 12 p 4 refs 
(NASA Contract NAS7-100; Contract JPL N-33561) 
(AR-26JPL) OTS: $1.60 ph, $0.80 mf 

Studies of the physical properties of the moon and planets are 
reported. These include the following: planetary atmospheres, 
radiative transfer, atmospheric scattering, an isostatic model of the 
moon, cosmogonic studies, opticol tracking of deep-space probes, 
and planetary orbiters. R.C.M. 

N63-12032 Boston U., Mass. 
THE TRANSFORMATION BETWEEN CARTESIAN A N D  CONIC 
COORDINATES Research Report No. 1 
L.&Isky Aug. 1962 4 0 p  1 ref 
(NASA Grant NsG-246-62) 
(Ih Astronom. Contrib., Ser. II, No. 21) OTS: $3.60 ph, $1.40 mf 

A solution for the transformotion constants between two 2- 
dimensional systems of coordinates with noncoincident centers of 
coordinates is obtained. Cortesian and conical coordinate .systems 
were used. Since the coordinates ore subject to error, measured coo!- 
dinotes of more than the six required points were necessary. The root 
meon-squore values of the transformation constants were obtoined 
by requiring the difference between the measured and the calculated 
values of the coordinates to be a minimum. Equotionr used to prepare 
the IBM reduction program ore given, as well as copies of the pro- 
gram in FORTRAN language as it was fed to the IBM 1620. A short 
program oppeors in the FORTRAN statement for processing and 
printing the data on craters when this procedure i s  applied to 

I.V.L. the study of lunor photography. 

19 



N 63 

N63-12041 Boston U., Mau. 
TME PIATE CONSTANTS OF MOON mOTOGRAms 

BadriAghassi slpt.1962 1 2 p  3 r d S  
(NASA Grant NsG 24662) 
(Itr Astronomical Contributions, Ser. 11, Na. 18) 01s: $1.60 ph, 
$0.80 mf 

A camputational method for obtaining tho wknographic coardi- 
nabs of points an a fragment of a photograph of tho moon, withaut 
translating and mtating the systems of axes to fit Soundor‘s cancan- 
kK solution, is presented. In this method, the loci of constant & 
q, and [ oro considud as thrw f a m i l i i  of paralld caaxial circkr. 
SK. in an adtographic prqoction heso circles praioci as thm 
f a m i l i i  of dipsas of tho sann dlipticii, an equatian of conics can bo 
written ’ w h i  fits 4 and r) as polynomiol functions of tho vectors x 
and y. A carroction for tho deformation caused by tho conic prqoc- 
tion is given, although this is considered to be negligibk. Rewhs were 
computed for tho wordinatas of the center of tho disc and for tho 
scak and inclination of the photograph. M.P.G. 

M63-12043 New Mexico U. Engineering Experiment Station, 
Albuquerqw 
LUNAR SURFACE CHARACTERKTKS BASED ON RADAR AND 
PHOTOGRAPHK DATA SomiiAnnwl R . p a t  
Donald H. h n h r t ,  W. W. Koeprrl, Richard kM, Nasir Ahmod, 
ondFrankJonza Oct. 1962 3 8 p  refs 
(NASA Grant NsG-129-61) 

R d  
hpo#tN0.2 

(PR-39) OTS: $3.60 ph, $1.34 mf 
Lunar surface characteristics based on radar and photographic 

dota include the following investigationr: (1) cornlation of radar and 
photographic data with major omphasis upon tho uw of tho reflected 
mdar  pulw envelope and a photograph of the area of return to 
determine possible corrolotion between radar scattering and light 
scattering from o given terrain; and (2) variatians and offoct of R’ 
Fresnel zone transitions in  tho estimation of lunar surfaco roughness. 
To avoid the problems occurring at microwave frequencies, data wuo 
taken using an acoustic radar simulator. Results indicate that tho 
power roturn varir as R-‘ when the excitation phase is leu than 
A/4 across tho reflector. An R-’ poww return occurs when tho 
phaw difference is between A/2 and A/4 and finally an R-’ p o w r  
&urn occurs for phase difforence grwter than A/4 across tho plat.. 

I.V.L. 

N63-12071 U., Mou. 
IMPACTS ON THE EARTH AND MOON Ronard~ R q o d  
No. 3 
Godd S. Hawkins Nav. 1962 7 p 
(NASA Grant -3246-62) 
(h - . bnhiknionr, k. 11, No. 20) 01s: $1.10 ph, 
s a 0  mf 

Astudyhasbom mado of of tho numbor and size of 
mobaritic impacts on rho surf00 of tho oarth. h statistics studied 
dsa indicated wh.th.r tho nw(.onk . was s t o ~  or iron. From those 
statistics, oquotions mn d e r i d  by assuming chat 1/10 of a stano 
and 1/5 of an iron is d. It may bo assunwd from this study 
hat the impact mtes for tho surface of tho moan aro onehalf tho 
impact rates for tho wrch when allowance is made for tho offoci of 
cancentration causod by tho earth’s gravitational fiold. Tobla aro 
appnded w h i i  show tito cumulative number of impacts on tho moan 
during 3 x 10’ pan. The tables ore arranged to shaw tho mau, 
WM maborikr, iron nwkorites, asteroids, camsts, and c o m b i d  
sta0.1 and irons in impacts. A.S. 

Avaikbkinfonnahon ‘ on lunar inm(igati0n. ostdynornics, and 
cpoo nh*k ruowry is ummar id .  Roporis an mannod and un- 
mannod lunar oxpkrotion indud. a d p s  of onvironmmt, systum, 
didos, communications, pomr supplii, wmy and navigation, 
ond oah-bowd oquipmmt. khodynamic roparb indud. tho doriva- 

orbits, and orbit p m d i i  hoary. vohida movwy stdim 
indud. ovaldon of crikria for sito doction and ntablishment of 
an 0rd.r of ik p m f o r u ~ ~  b a d  an ucuri(v, saw, torrain, climato, 
foci l i i ,  oquipnmt, soarch probkms and aids, and control contor 
avai labi l i i .  M.P.G. 

tion of oxpfwians for tho dfm of kmr)riol harmonics on satollii 

N63-12201 Joint P u b l i i  .R.uarch sllvio. W o s h i m n ,  D.C. 

Jan. 29, 1963 93 p 56 Tmd. of 3 ar(ickr from Ixv. 
Glavnoi Astron. obrm. (Kmv), v. 3, na. 2, 1961 p 2767, 68-76. 
and 138-150 
(JPRS-17363) 01s: $2.25 

som ASTUONOWW ~EKWIS 

CONTENTS: 
1. INVESTIGATION OF THE FLICKERING OF STAR lMAG€S IN 

TELESCOPES 1. G. Kokhimki i  p 1-51 41 mfs ( S a  
N63-12202 0505)  

2. BARYCENTRIC HIGH RELIEF OF THE UMB ZONE OF THE 
MOON 1. V. G a n i b v  p 53-64 11 rdS (S.. N63- 
12203 Was) 

3. THE SOLAR DIFFRACTION SPECTROGRAPH OF THE MAIN 
ASTRONOMICAL OBSERVATORY OF THE ACADEMY OF 
SCIENCES, UKRAINIAN SSR E. A. Gurtavonko and Yo. 1. 
D i c h e n k o  p 65-90 4 refs (S.. N63-12204 0505)  

1563-1 2203 Joint Publications Rewarch Sewice, Washington, D.C. 
BARYCENTRK HIGH RELIEF OF THE LIMB ZONE OF THE MOON 
1. V. Gavrilov In its &viet Astronomical Reports Jon. 29, 1963 
p 53-64 11 mfs (SM N63-1220105-05) 01s: $2.25 

Barycentric high r d i f  of the limb zone of the moon was investi- 
I.V.L. gated, using data on the lunar shape. 

N63-12353 Boston U., Mass.  
CATALOG OF LUNAR CRATERS I Rosoarch Roport No. 4 
Gerald 5. Howkins ond Peter W. Mitchell Nov. 1962 24 p 3 refs 
(NASA Grant NsG-246-62) 
(Its Astronomical Contributions, S e r .  II, No. 22) 01s: $2.60 ph, 
$0.92 mf 

Selenographic coordinotcs of 011 craters observoble on o selacted 
portion of the moon’s surface are given, olong with the diumeter of 
the croter ond comments an i ts  shop. Plate constonts ore colculated 
by the method described by &Isky (1 962). A.R.B. 

N63-12362 Texas Instruments, Inc., Dollos 
RADAR ANALYSIS OF THE MOON. PHASE I: FEASIBILITY OF 
LABORATORY SIMULATION Final Report 
frank E. Kinsman and Jock R. Van Lopik Nov. 30, 1962 138 p 
112refs 
(Contract Af 19(628)-480) 
(AFCRL-62.1120) 

The future use of radar in making specific-property determino- 
toons of the lunor surfoce i s  dependent upon knowledge of (a) the 
effects of lunar atmospheric conditions on radar prapogotionjopero- 
tion ond (b) radar rerodiotion signatures of possible lunor surfoce . .  
moterials. If ossessment of radar potentialities for exploration of the 

N63-12149 Ekchic co* moon is  to be mode, theoretical onalyses must be performed to deter- 
Barbam, Calif. mine possible effects that might be produced on radar propagotion/ 
COWEMIUM STUDIES AND m T S  RELATING TO: operation if extreme-value estimates for lunar environmentol factors 
LUNAR WVESNQA”S-ASTINAMKS-S?ACE VWW ore assumed to be correct. Based on .currently ovailoble data and 
-I methods of analysis, such effects ore shown to be relotively minor. 
May1962 1 4 p  2 3 d s  In view of this determination ond the embryonic status of rodor 
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terrain analysis (which does not permit reliable interpretation of 
detailed meosurements). foirly gross rodor reradiation measurements 
of postulated lunar materials can be of greot value. Radar frequen- 
cies ot or neor X-bond (3 cm) and for-field operation ore best suited 
for obtaining these doto. Relatively simple facilities appear odequote, 
but rodor reradiation measurements and theoretical determinations 
might require verification in o facility capable of simulating selected 
lunor atmospheric ond surfoce conditions. In either case, it oppears 
desiroble and feasible to simulate rodor analysis of the moon using 
state-of-the-art rodor facilities and postulated lunor surface materials. 

Author 

N63-12728 
THE GEOLOGY OF THE MOON. A PARTIAL BIBLIOGRAPHY 
OF MEASUREMENTS AND OBSERVATIONS 
D. 1. Weide Dec. 1962 99 p 574 rets 

Douglas Aircraft Co., Inc., Sonta Monica, Colif. 

(SM-42582) 

N63-12785 Geological Survey, Washington, D.C. 
ENGINEER SPECIAL STUDY OF THE SURFACE OF THE MOON 
Robert J. Hockmon ond Arnold C. Mason 1961 4 p 
(Its Miscellaneous Geological Investigations Mop 1-351) 

Chorts ore given representing o photogeologic onolysis of lunor 
photographs. The opproximate scale of 1:3,800.o00 was used to 
show the principal physiographic divisions, the geologic features, 
ond the lunar rays. A table of miscelloneous geologic investigations 
is included. R.C.M. 

N63-12894 
ley Research Center, Langley Stotion. Va. 
THE ACTION OF-A HYPERSONIC JET ON A DUST LAYER 
Leonard Roberts N.Y., Inst. of the Aerospace Scinces, (19631 
28 p Presented ot the IAS 31st Annual Meeting, N. Y., 
Jon. 21-23, 1963 
(IAS PAPER-63-50) IAS: $0.50 members, $1 .00 nonmembers 

The poper defines o theoreticol model to describe the erosion 
ond subsequent tronsport of dust in the vicinity of a spocecroft lond- 
ing on the moon. Available experimental infarmotion i s  examined and 
o more complete description of the exhaust-jet-dust-loyer interoction 
is  estoblished. Particular oftention is  poid to three important phases 
of the problem: (1) the gas dynamics of the exhaust, (2) the mechanics 
of the surface erosion, ond (3) visibility through the dust cloud. It is  
shown that the Mach number and Reynolds number of the exhaust 
flow, together with certoin dust porometers, determine the choracter 
of the erosion. The shape of the crater caused by this erosion is  
calculated and shown to be in quolitotive agreement with the experi- 
mental results. The extent of the dust cloud and Visibility through 
the cloud are shown to depend on the size of the particles and the 
location of the vehicle obove the surface. Author 

Notionol Aeronautics and Spoce Administration. long- 

11 refs 

N63-12922 Jet Propulsion lab., Colif. Inst. of Tech., Pasadena 
REVIEW OF TECHNIQUES FOR MEASURING ROCK AND SOIL 
STRENGTH PROPERTIES AT THE SURFACE OF THE MOON 
H. Carl Thorman 8 p 
11 refs Repr. from Automotive Eng. Cong., Soc. of Automotive 
Engineers, Inc., Jan. 1963 Presented at the Automotive Engineering 
Congress, Detroit, Jon. 14-18, 1963 
(NASA Contract NAS7-100) 
(JPL-TR-32-374; SAE Poper-632C) 

Among the various instruments which h o w  been developed for 
performing post-landing experiments on the lunar surfoce from an 
unmanned spacecraft are several that provide means for observing 
how the lunor material responds to applied stresses. These include: 
penetrotion-hordness gages, soil-mechanics test apparatus, a sub- 
surface-rompling rock drill, and o surfoce-sample collector. The 
design and operating features ond the range of application of each 
of these four devices are reviewedh this paper. Author 

N. Y., Soc. of Automotive Engineers (1963) 

N63-13418 

L A T W  CHAMBER 
Maurice W. Wilden (New Mexico U.) Jan. 1963 87 p 11 refs 

T k  thermal behavior of a verticol cylinder, representing a space 
copsule resting on t k  surface of the moon, was investigated in the 
environment of a lunor simulation chamber by use of on analytical 
ntwork method. T k  parameters offecting rodiotive heat exchange 
between the ceiling of t k  chamber, the floor of the simulotor, and 
the cylinder were wried in the wide range of temperatures moun- 
tered during lunar day and night. The mothemotical foundations 
of the onalyiical network method ore exploined, ond the results 
displayed in diagroms. Author 

Officeof Research Anolyses, Holloman AFB, N. Mex. 
A STUDY OF RADIANT HEAT TRANSFER IN A LUNAR SIMU- 

(ORA-63-2) 

N63-13449 Jet Propulsion lob. Colif. Inst. of Tech., Pasadeno 
RANGER PREFLIGHT SCIENCE ANALYSIS AND THE LUNAR 
PHOTOMETRIC MODEL 
A. G. Herrimon, H. W. Washburn, and D. E. Willingham Jan. 7, 
1963 44 p 11 refs 
(NASA Controct NAS7-100) 
(JPL-TR-32-384) 

A photometric model of the lunor more surface is  presented. The 
lighting porometers for the Ranger 3, 4, ond 5 TV system ore devel- 
oped using the photometric model, and reloted to the system param- 
eters. The interactions of the TV constraints with those imposed by 
the other experiments ond by trojectory choracteristics ore discussed 
in detoil, and the use of plostic spheres to show graphically the inter- 
relationships among the parometers is  described. Author 

OTS: $4.60 ph, $1.52 mf 

N63-135 15 National Aeronautics and Space Administration. Mar- 
shall Space Flight Center, Huntsvilh, Ala. 
A CONSIDERATION OF LUNAR SURFACE BAUISTKS AND THE 
HAZARDS ASSOCIATED WITH PACKRAFT LANDING OR 
LAUNCH OPERATIONS 
D. C. Cromblit Washington, NASA, Mar. 1963 33 p 14 refs 

This preliminary study was directed specifically toword determi- 
nation of the trajectories or flight paths of lunar-surface particles 
accelerated by the let blast from a lunor-landing or return vehicle. A 
ronge of particle velocities was auumod based on an anticipated 
effective exhaust gas velocity of 13,250 ft/m far a LOX-LHz engine. 
Thus, velocities bath above and b l o w  those required tor exape or 
orbit from the lunar surface were considered. Data are presented in 
graph and chart form, along with a brief discussion. Sample calcula- 
tions and basic data for the ballistics study are presented. Author 

(NASA TN D-1526) OTS: $1.00 

N63-13767 Jet Propulsion lab., Calif. Inst. of Tech., Poscadeno 
THERMAL PROPERTIES OF A SIMULATED LUNAR MATERIAL IN 
AIR AND IN VACUUM 
E. C. Eerneft, H. 1. Wood, 1. D. Joffe, and H. E. Mortens Nov. 25, 
1962 23 p 11 refs 
(NASA Contract NAS7-100) 
(JPL-TR-32-369) OTS: $2.60 ph, $0.89 mf 

The thermol diffusivity ond thermal conductivity for o crushed 
olivine bosolt were determined from transient stote dota. Values were 
obtained over a temperoture ronge of -100'to 200' C in vacuums 
of 5 x and 5 x lod mm Hg os well os at atmospheric pressure. 
A -1 50 mesh material at o density of 1.1 4 9/cm3 hod a thermol con- 
ductivity of 3.9 x lod cal/cm KC 'C at 100°C when measured in o 
vacuum of 5 x lod mm Hg. This was opproximotely one hundred 
times lower than the volues obtained for the some material measured 
at atmospheric pressure. Increasing the density to 1.57 . g/cm3 in- 
creased the thermol conductivity by approximately 60% in both oir 
and vacuum. Over the ronge studied, the test temperoture had very 
little effect on thermol conductivity in air but showed more of an 
effect when the material wos placed in o vacuum. Author 
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N63-14087 Cornell U. Center for Rodiophysics and Spoce 
Research, Ithaca, N.Y. 

CATIONS TO THE MOON 
Bruce Hopke and Hugh Von Horn Fcb. 1963 55 p 24 refs Sub- 
mitted for Publicotion 
(NASA Grant NsGll9-61) 
(CRSR 139) OTS: $5.60 ph, $1 .85 mf 

The reflection laws of o wide voriety of surfoces have been 
measured. The foctors which govern the opticol scattering chorocter- 
istics of complex surfoces ore discussed, and the properties of surfoces 
which scatter light in the same manner os the moon ore specified. 
Surfaces of solid rocks, volcanic slogs, or coarsely-ground rock 
powders do not posses the intricote structure necersory for back- 
watiering light strongly. However, finely pulverized dielectric parlicles 
are oble to build extremely complex surfaces which can reproduce 
the lunar scattering low. It i s  concluded that the surface of the moon 
is covered with o layer of fine rock dust composed of particles of 
the order of 1 0 ~  averoge diomete!, and thot 90% of the volume 
of the surface layer i s  voids. Author 

PHOTOMETRIC STlDIES OF COMPLEX SURFACES, WITH APPLI- 

N63-14406 Notional Aeronoutics and Space Administrotion, 
Woshington, D.C. 
EVALUATION OF INFRARED SPECTROPHOTOMETRY FOR COM- 
POSITIONAL ANALYSIS OF LUNAR AND PLANETARY 50115 
R. J. P. Lyon (Stanford Res. Inst.) Apr. 1963 136 p 43 refs 
(NASA Controct NASr-49(04)) 
(NASA T N  D-1871) 01s: $2.75 

A preliminory feosibility study of infrared onolyticol techniques 
for the study of the lunor surfoce hos been mode, including obsorp- 
tion studies of 370 rock and minerol somples, ond reflection studies of 
80 rocks. Spectrol informotion wos collected in the wavelength ronge 
2.5 to 25 microns (4000 to 400 cm-'). Emittonce spectro hove been 
calculated from the reflectance doto for several of the most important 
rock types. Author 

N U - 1 4 4 9 1  
ERRORS IN THE MEA!UREMENT OF THE TEMPERATURE OF THE 
MOON 
Eugene A. Burns ond R. J. P. Lyon 5 p 9 refs Repr. from Nature 
(London), v. 196, no. 4853, Nov. 3, 1962 
(NASA Controct NASr-49(04)) 

Observations of the temperature ond composition of the lunar 
crust mode by instruments above the earth's atmosphere will require 
different interpretotion techniques than dato obtained through the 
atmosphere. Therefore, the effect of composition on the emissivity of 
several smooth surfaces wos investigoted os a function of wovelength, 
ond the surfoce emittance was colculated at severol temperatures. 
Comparisons of the emittance curves of quartz ot six temperatures 
demonstrate thot (1) the wovelength of maximum energy connot be 
used to evoluote the temperature from the Wien law, and (2) the 
dependence of overage emissivity on temperature is  o second-order 
effect, so thot measuring temperature changes of the some material 
by radiometric methods is  volid. However, absolute volues of the 
temperature obtained may be significontly in error. Because of the 
predominance of the strong Si -0 vibrational bonds near 9-10r for 
most  minerols, a situation similar to thot for quartz is  assumed to 
exist for lunar surfaces, although the porosity of the lunar surface may 
make the deviotion from the ideal emissivity curve less obvious. 

M.P.G. 

Stonford Research Inst., Menlo Park, Calif. 

p 463-464 

N63-14587 Notional Aeronoutics ond Spoce Administrotion. Ames 
Research Center, Moffett Field, Colif. 
SPRAY EJECTED FROM THE LUNAR SURFACE BY METEOROID 
IMPACT 
Eugene M. Shoemaker, Henry J. Moore (Geol. Survey), ond Donald E. 
Gault 
(NASA TN D- 1767) 

Experimentally determined moss-size distributions of fragments 
qected from croters formed in rock by hypervelocity impoct hove 

01s: $1 .00 
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been combined with estimates of the rote of impoct ond mass distribu- 
tion of interplonetory debris which strikes the lunor surfoce to find 
the rate and mass of fragments sproyed up from the lunar surfoce. It 
is shown that the flux of particles of a given mass ejected from the 
lunor surface will be at least three and probobly four orders of mog- 
nitude greater than the flux of the impacting interplonetory debris of 
the same mass. Experimentally determined distributions of moss with 
vwlocity indicate thot almost all of the debris is  ejected at less than 
lunar escape velocity (2.4 km/sec) ond contributes to secondary im- 
pact events. A small fraction of the eiecto, however, will leave the 
lunor surface at velocities greater than the escape speed. These 
results imply the presence of a lunor dust cloud of flying particles. The 
rnaior fraction of the cloud is  estimated to be o few kilometers dee 
with o spatial density at the lunor surface of the order of Id to Id 
times the spatial density of the interplanetary debris. These particles, 
together with the interplanetary debris, provide a powerful eroding 
agent that will continually obrode the lunor surface and reduce 
rubble to finer sizes. The inference to be drawn is thot there must be 
d least o thin layer of dust-sized particles on the lunar surface-a 
layer which is  being constantly agitoted and stirred by the impacts to 
form a heterogeneous mixture of moterial from the entire surfoce of 
the moon. It is  to be expected that lunar probes and vehicles will be 
subjected to higher rates of impoct when immersed in the dust cloud 
than during the earth-moon voyage. Author 

N63-14668 
INFRARED SPECTRAL ANALYSIS OF THE LUNAR SURFACE FROM 
A N  ORBITING SPACECRAFT 
R. J. P. Lyon and Eugene A. Burns Repr. from Proc. 
of 2nd.Symp. Remote Sensing Environment, Mich. U., Oct. 16, 1962 
p 309-327 21 refs 
(NASA Controct NASr-49(04)) 

Absorption ond speculor reflection onolyses hdve been used to 
test the feasibility of infrared compositional analysis of lunor mote- 
riols in the wovelength ronge 2 to 25 microns. In o NASA-sponsored 
study, over 300 minerols and rocks hove been examined and the 
opplicobility of the techniques clearly established. By opplying 
Kirchhoff's law to the spectrol reflectance dato, under thermol equi- 
librium conditions one can obtain the spectrol-emittonce curves at 
any given temperoture. Major rock types moy be reodily differen- 
tioted from one onother ot lunor ambient temperoturer. Author 

Stonford Research Inst., Menlo Pork, Colif. 

Oct. 16, 1962 

N63-14677 Jet Propulsion Lab., Colif. Inst. of Tech., Posodeno 
PHOTOGRAPHY OF THE MOON FROM SPACE PROBES 
Manfred Eimer Jon. 15, 1963 26 p 17 refs 
(NASA Controct NAS7-100) 
(JPL-TR-32-347) 

Photography of the moon from space probes is on essential 
early step in lunar exploration. From the vicinity of the earth, even 
diffraction-limited systems connot conceivably be copable of provid- 
ing sufficient optical resolution within the next few decodes. Aspects 
of the photometric properties of the moon that ore important to an 
understanding of photogrophic problems ore briefly examined. Geo- 
metric problems reloting to impocters. orbiters, and londers ore 
reviewed. The selection of system components is  discussed, ond exom- 
ples of designs and their properties ore given. Author 

OTS: $2.60 ph, 10.98 mf 

N 6 3 - 1 4 7 3 9  Lockheed Missiles and Space Co Sunnyvale Calif 
ANNOTATED BIBLIOGRAPHY OF LUNAR PROPERTIES. 
GEOLOGY, VEHICLES. A N D  BASES PART Ill LUNAR A N D  
ARCTIC EXPLORATION A N D  HABITATION 
A A Beltran J E l  Goldmann and E E Graziano comps Feb 
1962 355 p 813 iefs 
(Spec Bib1 SB 61 67 AD 273 1361 

Part Ill the final part of the lunar bibliography is concerned 
with fixed and mobile lunar bases Construction problems lunar 
surface vehicles methods and feasibility of human habitation 
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establishment of lunar colonies and ground support equipment 
Arctic and Antarctic exploration. including base construction sur 
face vehicles clothing and equipment. and environmental effects 
on man is included because of its applicability to lunar bases and 
exploration Author 

N63-14866 Manchester U (Gt Brit ) 
STUDIES IN LUNAR TOPOGRAPHY, NO. 9. (LUNAR SHA-  
D O W  MEASURING TECHNIQUES A N D  TABULATED RE- 
SULTS FOR THREE CRATERS) Tochn iu l  Not. NO. 2 
T W Rackham May 8. 1962 7 1  p 
(Contract AF 6 1  (052)-496) 

The first part of this paper is concerned with methods of 
asseswng the lengths of lunar shadows derived from microdensi- 
tometric tracings Errors arising from atmospheric image distortion 
and posi:ional unceRair,:ies 2:s discussed The !arte: p a 0  c! !his 
work contains tabulated topographical data for the craters Tycho. 
Copernicus. and Theophilus Author 

N63-14984 Jet Propulsion Lab Calif lnst of Tech Pasadena 
UTILIZATION OF EXTRATERRESTRIAL RESOURCES Semi- 
nar Proceedings, Sept 25-26.1962 
Apr 1 1963 3 8  p 28  refs Presented at the Meeting of the Work 
ing Group on Extraterrestrial Resources Wash D C Sept 25-26 
1962 
(NASA Contraci NAS7-1001 
OTS $3 6 0  ph $1 3 4  mf 

CONTENTS: 
1 SlATUS OF DESIGNS OF LUNAR SURFACE VEHICLES 

P H Bliss (RAND Corp ) p 1-9 4 refs (See N63 14985 
11 291 

2 HYDROPONICS OR SOILLESS CULTURE H D Chapman 
(California U ) p 10-1 5 18  refs (See N63 14986 1 1 29) 

3 PROCESSING OF WATER ON THE MOON A A Fowle 
(Arthur D Little Co)  p 16-18 (See N63 14987 11  29) 

4 LUNAR BASE CONSTRUCTION G W Johnson (Jet Pro 
pulsion Lab) p 19-20 (See N63 14988 11 29) 

5 LUNAR ROCKS AS A SOURCE OF OXYGEN H G Poole 
(Colorado School of Mines) p 21-25 (See N63 14989 
11  29) 

6 WATER IN LUNAR MATERIALS Robert C Speed (Jet 
Propulsion Lab ) p 26-32 6 refs (See N63 14990 11 29) 

7 SUMMARY OF APOLLO AND LUNAR LOGISTICS SYS 
TEM PLANS W 8 Taylor (NASA) p 33  (See N63 14991 
11 29) 

N63-14985 RAND Corp Santa Monica Lalif 
STATUS OF DESIGNS OF LUNAR SURFACE VEHICLES 
P H Bliss In Jet Propulsion Lab. Calif lnst of Tech Utilization of 
Extraterrestrial Resources Seminar Proceedings Sept 25-26 
1962 Apr 1 1963 p 1-9 4 refs (See N63-14984 11-29] OTS 
$3 60 ph $1 3 4  mf 

?he designs of several lunar surface vehicles are discussed 
with regard to their type. size. type of traction. and motive power 
A description of their body styles. and accessory provisions and 
performance details where available are presented D E R  

N63-14987 . Little (Arthur D I Inc Cambridge Mass 
PROCESSING OF WATER O N  THE M O O N  
A A Fowle In Jet Propulsion Lab. Calif lnst of Tech Utilization 
of Extraterrestrial Resources Seminar Proceedings Sept 25-26 
1962 Apr 1. 1963 p 16-18 (See N63-14984 11-29) OTS 
t 3  6 0  ph $1 3 4  mf 

The processing of water by electrolysis and iiquefaction are 
reviewed for lunar applications It  is shown that a great deal of 
research is needed to  develop lightweight effictent reliable sys- 
tems for the processing of water to liquid hydrogen and oxygen to 
define the characteristics of a near-optimum system D E R  

N63-14989 
LUNAR ROCKS A S  A SOURCE OF OXYGEN 
H G Poole In Jet Propulsion Lab Calif lnst of Tech Utilization 
of Extraterrestrial Resources Seminar Proceedings Sept 25-  26  
1962 Apr 1. 1963 p 21-25 (See N63-14984 11 29) OTS 
$3 6 0  ph. $1 3 4  mf 

A thermodynamic study of the thermal stability of conventional 
terrestrial minerals in a hypothetical lunar atmosphere has led to 
the speculation that quartz and other silicates would decompose 
lo  form spinels and other alumina-bearing materials under lunar 
atmospheric conditions But the spinel crust shoula be superficial. 
according to  pressure studies If  quartz persists at moderate depths 
it could be mined and used as a source of oxygen to  support life on 
the moon The same hypothesis holds for other oxides D E R  

Colorado School of Mines Golden 

N63 14990 Jet Piopulsioii Lab Cali1 lnst of Teih Pdsddeiia 
WATER I N  LUNAR MATERIALS 
Hobri t  C Speed In I t s  Utilizatioii of Extraterrestrial Resources 
Seniiriar ProLeedings Sept 25 26  1962 Apr 1 1963 p 26  32 
6 refs (See N63 14984 11 29) 01s $3 6 0  ph $1 34  r n f  

Evidence suggests that the materials which formed the moon 
were not anhydrous Mereorites coiitaiii water iii varying amounts 
as well as silicate hydrdtes Water should reach the nioon by qas 
enilssion lust a5 i t  reaches the earth % surface The water could 
possibly ocLur in crystalline hydrates glasses adsorbed water pore 
wdrer and surface condensates Several methods of exploration for 
lundr water are suggested including spectral analysis from an 
orbitiiiq vehicle ground based geophysiral surveys neutron albedo 
qua1113tive indicators of hydrous rocks and conventional petrologic 
iristrumentation D E R  

N63 15077 Arizona U Lundr and Planetary Lab Tucson 
COMMUNICATIONS OF THE LUNAR AND PLANETARY 
LABORATORY. VOLUME I. NUMBERS 17 23 
Gerard P Kuiper and Alika K Herring 1962 68  p 147 refs For 
Vol I Nos 7 10 see N62 16618 17 28 for Vo l  I No 11 see 
N62 16699 17 28 for Vol  I Nos 12 13 see N62 16619 17 28 
and for Vol I Nos 14 16 see N63 14008 0 9  05  
(NASA Grant NsG 161 61) 
OTS $6 60  ph $2 24 mf 

CONTENTS 
1 PHOTOMETRIC STUDIES OF ASTEROIDS IX ADD1 

TIONAL LIGHT CURVES D Owings (Indiana U 1 and 
T Gehrels p 129 146 146 refs (See N63 15Cl78 11 05) 

2 PHOTOMETRIC STUDIES OF ASTEROIDS X H J Wood 
(Indiana U I and G P Kuiper p 147 153 4 refs (See N63 
15079 11 05)  

3 PRELIMINARY DRAWINGS OF LUNAR AREAS Ill A K 
Herring p 154 (See N63 15080 11 051 

4 THE COMPOSITION ANOMALIES OF 3 CENTAURI A 
S Eashkin and B M Middlehurst p 155 159 36  refs 
(See N63 15081 1 1  05) 

5 SURFACE PHOTOMETRY OF EXTENDED IMAGE3 B M 
Middlehurst p 161 165 58  refs (See N63 1508? 11 05) 

6 THE WAVELENGTH DEPENDENCE OF POLARIZATION 
T Gehrels and T M Teska p 167 177 25 refs ISev N63 
15083 11 05)  

7 INFRARED SPECTRA OF STARS AND PLANETS II 
WATER VAPOR IN OMICRON C E T l  G P Kuiper p 179 
188 2 refs (See N63 15084 11 051 

N63 15080 Arizona U Lunar and Planetary Lab Tucson 
PRELIMINAflY DRAWINGS OF LUNAR L IMB AREAS. 111 
Alika K Herring i'ri ,Is Communications of the Lunar and Pianeldry 
Laboratory Vol I No 19 Sept 25  1962 p 154 (See N63 15077 
1 1  05) OTS $6 6 0  ph $2 24  mf  

Preliminary drawings of the limb areas of the moon are pre 
sented as a supplement to the photographic Rectrfied Lunar Atlas 
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Preliminary drawings of areas 10 and 16 which contain the Otto 
Struve and the Mare Orientale are included along with rectified 
photographs arid key charts of the areas A stereoscopic drawing of 
the Mare Orientale is reproduced to emphasize the several concen- 
tric fault scraps that have this basin as their center R C M  

N63-15223 Manchester U (Gt Br i t )  
RESEARCH INTO METHODS OF DETERMINING THE RELA- 
TIVE HEIGHTS OF PHYSIOGRAPHIC FEATURES OF THE 
MOON Annual Summaw Report No. 1 
Zdenek Kopal Nov 1962 20 p refs 
(Contract AF 61(0521-524) 
(AFCRL-63-4061 

(1) redeter- 
mination of the libration constants of the moon (2) evaluation and 
measurement of the Paris Observatory photographic plates of the 
moon (obtained between 1890 and 1910 and covering the full 
range of lunar libration) to determtpe the departures of the actual 
surface of the moon from a sphere and (3) development of methods 
for the determination of small differences in height or depth of very 
shallow lunar surface features above or below the surrounding land- 
scape A microrelief method is described by which topographic 
features less than 20 meters in height and with an inclination of 
less than one degree can be measured significantly by comparing 
the photographir density of the negative on a sloping and on a 
level region M P G  

Progress reported in lunar selenography includes 

N63-15244 Jet Propulsion Lab Calif Inst of Tech Pasadena 
RANGER PREFLIGHT SCIENCE ANALYSIS A N D  THE LUNAR 
PHOTOMETRIC MODEL 
A G Herriman H W Washburn D E Willingham Jail 7 1963 
Revised Mar 1 1 1963 4 0  p 1 1 refs For document before revision 
see N63 13449 08 29  
(NASA Contract NAS7 1001 
IJPL TR 32 384 Rev ) OTS $3 60 ph $1 40  mf 

A photometric model of the lunar mare surface is presented 
The lighting parameters for the Ranqer 3 4 and 5 TV system are 
developed using the photometric model and related to the system 
parameters The interactions of the TV constraints with those 
imposed by the other experiments and by tralectory chararterlstics 
are discussed in detail and the use of plastic spheres to show 
qraphically the interrelationships amonq the parameters is described 

Author 

N63 15251 California U Berkeley Space Sciences Lab 
FAULT MECHANICS OF THE LUNAR STRAIGHT WALL AND 
THE NATURE OF MARE MATERIAL 
Rol)ert ti Strom Jan 1963 2 1 p 15 refs 
(NASA Giant NsG 145 611 
( I ts  Ser 4 Issue 81 OTS $2 60  ph SO 83 mf 

The prir i<: i~)les of fault niechanics are applied to the Straight 
Wall iri order 10 delmit the nature of the mare material in its 
virinity I h c ?  maqnittide of the components of displacement and 
the qross niec l ia i i i rd l  properties of the fractured material are 
derived Moveriient alonq the Straiqht Wall fault resulted in a maxi- 
r n i i r i i  criistdl lengtheiiiiig of d t i ~ i i t  345 meters The hade ((11 of the 
Srrai!$it Wall is  apprormately 43 hence the coefficient of internal 
tri, twn l p )  and the ratio In1 ol the Lompressive to-tensile strength 
01 the material IS about 0 059 arid 1 14 respectively The large 
hade If11 and small values of p arid n accord With the mechanical 
properties of a very weak nidterial whose average compressive 
streiiqth is prohalily less thaii 600 kg cm2 Further this low 
nieclianical strenqtti must persist to a depth equivalent to the vert-  
cal displat:emenr of rhe tadr that is to a depth of at least 200 300 
meters This indicates that the mare material does not possess a 
strenqth comparable to  terrcstrial granites or dense basalis The 
materidls most likely to account for the gross mechanical properties 
are I 1  1 extremely porous low density lava flows primarily consist- 

inq of rock froths (retit utile or scoria1 121 very porous tuffs or semi 
welded iyninrhrites or (31 d combination of 11) and 121 Recent 
radiometric photometrir and polarvetric investigations offer cor 
rohorative evidence supporting the results of the present study 

Author 

N63-15270 
PRODUCTION OF OXYGEN FROM SPACE MINERALS 
E R Kaiser J Tolciss arid Kurt Komarek Feb 1 1963 42 p 
47 refs 
(NASA Grant NsG 9-591 
ITech Rept 690 1 I OTS $4 6 0  ph $1 46  mf 

CONTENTS 
1 KINETICS AND THERMODYNAMICS FOR THE REDUC- 

TION OF SPACE MINERALS BY HYDROGEN (APPENDIX) 
K Komarek p A1 A I 4  8 refs (See N63-15271 12-07] 

New York U 'Coll of Engineeriitg N Y 

N63-15805 General Mills Electronics Group Minneapolis Minn 
SPUTTERING EFFECTS O N  THE MOON'S SURFACE Fourth 
Quarterly Status Report, Jan  18-Apr 17.1963 
G K Wehner Apr 17 1963 29  p 45  refs Submitted for Pub- 
lication 
(NASA Contract NASw 424) 
OTS $2 60 ph $1 07  mf 

With solar wind data especially from Mariner I1 and labora- 
tory sputtering-yield measurements for H +  and He+ ion bombard- 
ment on metal oxide and stone targets the sputtering rates for 
bodies in earth orbit around the sun are estimated to be 1 1 Afvear 
for Cu and 0 4  A year for Fe or stones The moon must lidve lobt 

a layer roughly 17 cm thick in 4 5 X lo9 years Microineteiiritvs 
must have a very limited lifetime which is df the order 01 25  000 
years for a micron size particle Autlior 

N63 15915 Jet Propulsion Lab Calif lnst of Tech Pasadena 
LUNAR REFERENCE COORDINATES 
C F Campen Jr Dec 29 1961 7 p 
(NASA Contract NASw 61 
(JPL TM 33 72) OTS $1 10  ph $0 8 0  mf 

Two distinct conventions have been defined by the Inter 
national Astronomical Union General Assembly the Astronomical 
Convention and the Astronautical (or Cartographic) Convention 
The Astronomical Convention will retain the inversion of north 
and south on astronomical photography hut will substitute the 
designations right and left or leading edge and trailing 
edge for east and west The Astronautical Convention will 
use the designation of east and west and latitude-longitude 
division as on earth for the moon and other planets J A J  

N63-15936 Cornell U Center for Radiophysics and Space 
Research lthaca N Y 
A THEORETICAL PHOTOMETRIC FUNCTION FOR THE 
LUNAR SURFACE 
Bruce W Hapke Feb 1963 50 p 16 refs Submitted for Pub- 
lication 
(NASA Grant NsG 119 611 
(CRSR 138) OTS $4 60 ph $1 70  mf 

A formula which describes the observed photometric prop 
erties of the lunar surface is derived theoretically Functions for 
both the differential and integral brightness are obtained The 
model surface on which the derivation is based consists of a semi 
infinite porous layer of randomly placed obscuring objects these 
objects are suspended in depth in such a manner that the inter 
stices which separate them are interconnected A layer of fine 
loosely compacted dust is in the category of surfaces described 
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by this model but volcanic foam is not The shape oi the pho 
tometric curve depends on the fractional void volume Bulk den- 
sities of the order of one-tenth that of solid rock are implied for the 
upper layers of the surface of the moon Author 

N63-16189 Stanford Research Inst Menlo Park Calif 
ANALYSIS OF ROCKS A N D  MINERALS BY REFLECTED 
INFRARED RADIATION 
R J P Lyon and Eugene A Burns Repr from €con Geol. v 58 
1963 p 274-284 17 refs 
(NASA Contract NASr 49(04)) 

This paper deals with the reflected infrared analysis of several 
common minerals rocks and meteoritic materials The optical 
principles invoiveo and the typical spectra IO be obtained from 
quartz plates fused silica and glasses are briefly reviewed and 
recent spectral data from minerals and rocks are examined Similar- 
ities and differences between absorption and reflection spectra for 
the same materials are discussed and some of the problems 
encountered in the calculations of composition (modal analysis) are 
indicated Applications to  nondestructive testing of polished rock 
surfaces (or gems) and to the calculation of ambient-temperature 
emissivity curves for rocks are shown Such spectral emissivity 
curves are an important prerequisite for the remote mapping of the 
lunar and other planetary surfaces Author 

N63-16190 California U Berkeley Space Sciences Lab 

MAEUS 
Ann Palm and Rohert G Strom Repr from Planet Space Sci 
v 11 1963 p 125-134 12 refs 
(NASA Grant NsG-145 61)  

Diameters of craters in the lunar walled plain Ptolemaeus and 
in vicinal equal-area terrae (highland surfaces) were measured by 
means of some of the best lunar photographs available at this 
time Statistical analyses of the data lead to the conclusion 
that the ghosts which are panially submerged craters and the 
post-Ptolemaean cr-lters came from distinctly different populations 
A range of relative rates of formation of the two types of craters 
was deduced from areal densities and assumed times of terminal 
flooding which represents a logical fiducial point Since Ptole 
maeus is presumably an ancient feature the rate of formation of 
the early ghosts exceeded the subsequent rate at which the post 
Ptolemaean craters were produced by one or two orders of mag 
nitude On the basis of the relative surface densities age and 
frequency distributions of the total Ptolemaean and adjacent terrae 
craters it is tentatively inferred that these craters may have had a 
similar history Author 

THE CRATERS I N  THE LUNAR WALLED PLAIN PTOLE- 

N63-16246 
A NEW PROGRAM OF PLANETARY PHOTOGRAPHY 
D H Menzel 119631 1 p Repr from Mem SOC R Sc Liege 5th 
ser v 7 1963 p 1 15 Presented at the 1 1 th Intern Astrophysical 
Symp Liege July9-12 1962 
(NASA Grant NsG 89 60) 
(Irs Reprint 6 1  6) 

Harvard College Observatory under NASA sponsorship has 
initiated a three year program for multicolor photometry of the 
Moon Mars Venus and other planets The studies are being 
undertaken with a new 16 inch Casseqrain reflector at Boyden 
Observatory in South Africa and with the 12 Inch reflector at  the 
Le HOuqa ~UserVatorv In Southern France 
son stars have been selected some are of zero color index sonic 
of index t 1 and others are of the solar type A specid1 lens (lives 

an Of Ihe Moon on a scale rouqhly rnarch#ny that of the 
planets J A J  

Harvard Coll Observatory Cambridge Mass 

Three dozen comparl 

N63 16254 Manchester U IGl Brit I 
LUNAR PHOTOMETRIC A N 0  TOPOGRAPHICAL ANALYSIS 
Annual Summary Report N o  2. July 1. 1961-June 30. 1962 
1 M Rackhani O L ~  1962 12 p 2 refs 
(Grant AF €OAR 6110521 4961 

This report outlines the activities of the Man( hezler L u m r  
Photographic Team at the Pic du Midi Ob~ervatury itiirinil t h v  

period 1 July 196 1 to 3 0  June 1962 Aiitllr,r 

N63-16459 Rochester U N Y 
ESTIMATE OF NEUTRON ALBEDO ON THE MOON‘S SUR. 
FACE DUE TO COSMIC RAY BOMBARDMENT 
M V Krishna Appa Rao May 17 1963 6 p 6 refs Submitted for 
Publication 
(Contract AT(30- 11.875) 
(NYO-10265) 

An estimate based on calculations made for chrondrite and 
basalt rocks which probably constitute the moon s surfarc 
is presented for the neutron albedo on the moon s surf6ce due 
to cosmic radiation The total neutron albedo for the top 
1 c c of the moon s surface assuming basaltic composition 
was calculated to  be 2 12 X lO-’/sec To obtain the total 
number of neutron albedo from a column of 1 c c multipli 
cation of the above number by the free path of neutroji 
absorption in the rock which was calculated to be approxi 
mately 8 cm was performed The neutron albedo due to  the 
interaction of protons and helium nuclei was then calculated 
and totaled. thus giving the total neutron albedo of 0 26‘sec 
cm2 for basaltic rock 
dritic rock was calrulated t o  be 0 35/seccm2 

The corresponding value for chron 
N E A  

N63-16513 Manchester U (Gt Br i t )  
LUNAR INFRA-RED MEASUREMENTS Technical Note  No. 2 
R Sternberg Oct 1962 67  p 
(Contract AF 61  (052)-400) 
(AFCRL-63 459) 

ducing multilayer interference filters for the infrared out to 20p a 
radiometer was designed and constructed to make observations of 
the moon in the atmospheric window 8 p  l o  13p using the 50 inch 
telescope at Asiago The primary aim was to  use this instrument 
to determine the emissivity of the lunar surface by measuring the 
radiant flux from the moon in two or more narrow spectral regions 
within this band Due to unusually unfavorable weather conditions 
during the first expedition. this objective could not be achieved 
However a number of anomalous temperature distributions were 
found which appear to be associated with ray craters Author 

Following the successful development of techniques for pro 

N63-16702 California lnst of Tech Div of Geological Sci 
ences Pasadena 
THE STABILITY OF VOLATILES IN THE SOLAR SYSTEM 
Kenneth Watson Bruce Murray and Harrison Brown Repr from 
lcarus v 1 n o 4  Jan 1963 p317-327 l 8 r e f s  
(NASA Grant NsG 56-60) 

The previous study of the stability of ices of common volatiles 
(water ammonia carbon dioxide and methane) on the surface of 
the moon has been extended to  other surface environments in the 
solar system A spherical body composed of a mixture of these 
ices is considered initially considered is the stability of such 
spneres at heliocentric aistances of 1 to 10  a u Tnese results 
are then applied to an examination of the stability of ices in the 
rings of Saturn on the surfaces of the smaller satellites of Jupiter 
and of Saturn and finally to bodies in orbits similar to those of 
short period comets Author 
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N63-16731 Cornell U Center for Radiophysics and Space 
Research lthaca N Y 
STRUCTURE OF THE MOON'S SURFACE 
T Gold Apr 1963 11 p Presented at the A m  Geophys 
Union. Apr 1963 Submitted for Publication 
(NASA Grant NsG-382) 
(NASA-CR-50117 CRSR 140) OTS $1 60 ph SO80mf  

This report describes the moon s surface as consisting of 
fine powders (fluffy material) The generation of this fluffy 
surface material should be thought of as connecpd w i th  local 
processes o n  the surface rather than w i th  a general blanketing 
by micrometeorites or by volcanic ash or by all the ray mate 
rial ejected from all the craters For in all the cases of general 
blanketing no explanation would remain for the characteristic 
color differentiation whereby the high ground IS generally 
lighter than the low ground The conclusion that both ought 
to  be the same color because they are the same material can 
be avoided i f  the underdense surface is generated at least in 
part from local stuff rather than from a general blanket 

I ., I 

the momonts of inertia Evidence for cliaracteristic granite 
topographic features including tholoids and laccoliths IS sum 
marized The vossibilitv that the maria were produced by the 
fluidization of volidniL ash is considered The transporting fluid 
is considered to be the contained gases as in a terrestrial ash 
flow 
ment of a lrrye fraction of a11 volcanic dsh From a study of 
the physics 0 1  ash flows i t  IS determined that the fluidization 
shouln be even more effectibe on the moon I t  15 concluder, that 
the iriorphology of the moon s surface does not contradict the 
notion that large amounts of acid rock are PrFsent on its sur- 
face Author 

Ash f lows on the earth are responsible for the emplace 

N63-17133 California lnst of Tech Div of Geological 
Scienccs Pasadena 
SURFACE TEMPERATURE VARIATIONS DURING THE ~ 

LUNAR NIGHTTIME 
Bruce C Murray and Robert L Wildev Mav 17. 1963 45  D 

N63-16987 
Marshall Space Flight Center Huntsville Ala 
ASCENT FROM THE LUNAR SURFACE 
Rowland E Burns and Larry G Singleton Washington NASA 
June 1 9 6 3  155 p 5 refs 
(NASA TN D 16441 OTS $3 00 

The problem of three dimensional optimal ascent from the 
lunar surface is discussed using the techniques of variational 
calculus The moon is assumed to be spherical and rotating 
perturbational effects from all other hodies are neglected Final 
orbital inclination is calculated under the assumption that the 
angular displacement of the moon during ascent is negligible 
Only single stage vehicles are considered and are subdivided 
into propellant and mass in orbit Both thrust and mass flow 
are assumed constant throughout the powered flight of a given 
vehicle The technological range considered covers specific 
Impulse values of 300 sec to 450 sec ( in steps of 50  sec) and 
lunar thrust to weight ratios of 1 to 7 ( in steps of 1) Initial 
lift off angles vary from 0" to 40" ( in steps of 10") Most results 
assume a launch site on the lunar equator at the lunar prime 
meridian and a final orbital inclinationpf 5" In  each case the 
thrust and velocity vectors are alined at cutoff Sample cases 
deal w i th  launch latitudes of 30" and 60" while other calcula 
tions show the effects of varying final inclination from 0" to 
180 The results present mass fraction in orbit and final orbital 
altitudes as well as the initial values of certain mathematical 
functions (Lagrange multipliers) necessary to attain these end 
conditions Optimum valuks of initial thrust to  weight ratios 
and orbits of  maximum mass fraction are described for each 
combination of specific impulse and lift-off angle These results 
are presented both tabularly and graphically several examples 
illustrate applications l o  preliminary design studies Author 

National Aeronautics and Space Administration 

I . L  

3 0  refs Submitted for Publication 
(NASA Grant NsG 56-60)  

N63-17108 National Aeronautics and Space Administration 
Godd-ird Space Flight Center Greenbelt M d  
EVIDENCE FROM THE MOON'S SURFACE FEATURES FOR 
THE PRODUCTION OF LUNAR GRANITES 
John A 0 Keefe and Winifred Sawtell Cameron In trs Goddard 
Space Flight Center Contributions l o  the COSPAR Meeting 
May 1962 May 1963 p 61-63 4 0  refs Submitted for Pub. 
lication lSee N63 17 105 15-29) OTS $3 5 0  

The evidence for granitic rocks from the morphology of the 
moon s surface is  considered in  this paper The displacement 
of the center of the moon's visible surface w i t h  respect t o  the 
center of mass is  considered evidence of isostasy on the moon 
I t  is shown that this displacement is not merely a l imb phenom- 
enon. and is probably not explicable in terms of the kind of 
lumpy interior proposed by Urey to  explain the differences of 
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(NASA C R  501481 OTS 5 4 6 0 p h  $1  5 5 n i f  
Observations 01 the 8 l o  14  micron thermal eniission into 

the first 160 hours of the lunar nighttime of the moon are 
described in full The evidence of both horizontal and vertiral 
variations in thermal properties of the idnar surface IS d i scussd  
It  is also pointed out that these observations along with other 
recent radar observations are strongly suggestive of surface 
redistribution processcs presently active on the lunar surfdce 

N E A  

N63-17204 General Mi l ls  Electronics Group, Minneapolis. 
M inn  
SPUTTERING EFFECTS O N  THE MOON'S SURFACE Third 
Quarterly Status Report. Oct 18,1962- Jan. 17,1963 

G K Wehner Jan 30 1963 27 p 17 refs 
(NASA Contract NASw-424) 
(NASA C R  50229 Rep1 2364)  OTS $ 2 6 0  ph $1 0 1  m f  

Sputtering yields of various terrestrial rocks under Hg+-ion 
bombardment of several hundred ev energy were determined 
w i th  a high frequency sputtering method Yields by volume 
are found to  be in the same range as that of Fe a medium 
sputtering rate metal Sputtering yields of metals and oxides 
were determined w i th  a method where mass separated hydro- 
gen beams l H +  H2+ and H3+)  at - 7  Kev sputter holes into 
thin target foils The method and results are described in detail 
Ion bombarded powder samples p rodwe  a surface which has 
photometric properties which are very similar t o  those required 
from moon surface studies Recent Iiteratu-e data on the solar 
wind especially from Mariner II and our new experimental 
sputtering yields are incorporated in a revised table on lunar 
sputtering rates Author 

N63-17806 California lnst of  Tech Seismological Lab,  
Pasadena 
SEISMIC EXPLORATION OF THE MOON 
R L Kovach Frank Press and Francis Lehner N Y .  A lAA  
1963 8 p 8 refs Presented at A lAA Summer Meeting. Los 
Angeles June 17-20 1963 
(NASA Contracts NASw 61 and NAS7-100) 
(A IAA Paper 6 3  255) A lAA $ 0 5 0  members, $1  00 non- 
members 

The single axis seismometer carried aboard the Ranger 
flights 3 4 and 5 is described as.con1aining a coil a spring 
suspended magnet and an internal calibration device w i th  a 
permanent magnet suspended from the body of the instrument 
acting as the seismic mass Movement of the coil produces 
the transducer output The seismic data are transmitted t o  



earth via telemetry signals For other lunar missions. a new, 
lightweight compact three-component seismometer is being 
developed Equipped wi th  displacement transducers and long- 
term recording equipment the instrument wi l l  transmit data 
on moonquakes and seismic signals from meteoric impact over 
long periods Lunar seismograms are explained in theory and 
their value in  analyzing the lunar surface and structure is 
explained D E R  

N63-18051 Ohio State U Research Foundation Antenna 
Lab Columbus 
THE SOLUTION OF AN INTEGRAL EQUATION FOR THE 
LUNAR SCAlTERING FUNCTION 
R T Conipton Jr Apr 1 1963 1 6 p  
I N A S A  Giant N2C, 213 61) 
(Rept 1388 8 )  O T S  $1  6 0 p h  $080 mf 

nioon wi th  ari unmodrildteci coiitiiiiious wave radar was con 
sidered I t  was assumed t l i d t  t t i e  averaqr! scattering cross sec 
tiori per unit area of the l u n a r  surface depeiideci only oil the 
angle lietween the dire, tiun of inciiien(.e ax1 tlie i ioimal to the 
surfa1.e Wi th this assunipiion i t  waz i)ossilile to  i.alculate 
t l i e  sr:.ittering furiction f rom the power denbity speLtruni 01 the 
ei.tio siqnal The sratteriny function was found as the solution 

I V L  

T l i c  orotilem of medsuring the scattering properties of the 

to an Aliel type integral equation 

N63-18219 National Aeronautics and Space Administration. 
Washington D C 
WE KNOW SO SHAMEFULLY L l lTLE  ABOUT THE MOON 
Howard Simons (Washington Post) Repr from the Washington 
Post 8 p  
GPO $ 0 5 0  

The moon is discussed from the standpoint of origin. and 
its topography The dissenting views on lunar dust vs lava 
f lows in the dark areas of the maria and the volcanic vs meteor- 
i t ic origin of the craters are elaborated upon J A J  

N63.18290 Columbia U Lamont Geological Observatory. 
Palisades. N Y 

GRAPH Progress Report, Jan. 1-Mar. 31,1963 
M Ewing 1963 3 4 p  
(NASA Contract NASw-82)  
(NASA CR-50245. Rept 15) OTS $ 3 6 0  ph, $1 22 mf  

Preparation of design requirements for the short-period 
vertical seismometer to  be Employed as a backup instrument 
for early Surveyor flights is reported A slightly modified version 
of the Surveyor seismograph system has been b d l t  (using other 
support) for use on the ocean floor The Surveyor breadboard 
system is being prepared for longterm operation in a mine 
where a highly stable environment exists for measurement of 
earth tides Author 

DESIGN A N D  CONSTRUCTION OF A LUNAR SEISMO- 

N63-18291 California lnst of Tech Div of Geological 
Sciences Pasadena 
NEW MEASUREMENTS OF STEEP LUNAR SLOPES 
Howard A Pohn Jan 7. 1963 4 p Submitted for Publication 
(NASA Grant NsG 59-60) 
(NASACR-50096)  OTS $1  l O p h  $ O 8 0 m f  

The UBV (ultraviolet blue visual) investigations of the 
moon from phase angles of -25" to  +25" using the Mount 
Wilson 60- ' "  telescope are discussed A group of 19 craters 
was selected so as t o  give a maximum distribution in latitude 
and longitude These objects ranged in size from approximately 

5 krn to more than 90 k m  The presence or absence of shadows 
cast by the interior walls of these craters was noted over 
several runs and the sun s altitude over the object later corn 
puted The sun s altitude is given i t  yields directly a minimum 
value of the steepness of slopes casting a shadow at the time of 
observation While some craters were seen to  be shadowed 
over several runs only the highest sun s altitude is presented 
The average value for the observations was 37" 15 and this 
value includes all of the craters without regard to  their seleno 
graphic longitudes N E A  

N63-18322 New Mexico U Engineering Experiment Sta- 
tion Albuquerque 
AN AFPROACH TO CORRELATE PULSED RADAR AND 
PHOTOGRAPHIC DATA 
Nasir Ahmed and W W Koepsel 119601 71 p 15 refs 
(NASA Grant NsG 129-61)  
(NASA CR-50536 EE-89) OTS $7 6 0 p h  $2 33 mf 

This work describes an approach t o  the study of correlation 
between pulsed radar and photographic data as a method of 
supplementing the available statistical information on area- 
extensive radar scattering surfaces A measure of the scattered 
energy is obtained by studying the variance and power spectra 
of the radar and photographic data These spectra are obtained 
by taking the Fourier transform of the respective autocorrela- 
tion functions obtained from the radar and photographic data 
Therefore the variance and power spectra are considered for 
correlation studies The results seem to indicate that a corre- 
lation between the radar and photographic data depends on the 
nature of the terrain Author 

N63-18343 Jet Propulsion Lab Calif lnst of Tech Pasa- 
dena 
LUNAR STRATIGRAPHY 
John B Adams N Y A m  lnst of Aeron and Astronautics 
[19631 l o p  10 refs Presented at the A lAA Summer Meeting 
Los Angeles June 17-20 1963 
(AIAA Paper 63 254) A lAA $ 0 5 0  members. $1  00 non- 
members 

The principal processes of stratigraphy on the moon are 
meteorite impacts erosion transportation. and volcanism 
Meteorite impacts seem to be the most likely process wbich 
will allow age determination Erosion processes such as 
seismic shocks thermal fracture. and solar and cosmic radia- 
tion. show little probability of being effective on the moon 
surface and therefore of little value in the study of lunar stratig- 
raphy Transportation is. also an unlikely process because there 
is still no evidence for the existence of a mechanism to erode 
or transport lunar surface material I f  volcanism does exist on 
the moon, the overlapping of newer f lows on older ones would 
be an important process in the stratigraphic recording of lunar 
history P V  E 

N63-18371 
NOTES OF WORKlNG SVMPOSIUM ON SOLAR SVSTEM 

Donna Wilson. comp May 1963 7 8  p 40 refs 
(NASA Contract NASr-21(04)) 
(NASA CR-50394. RM-3425) OTS $7 60 ph. $2 5 4  mf  

Topics covered at the Solar System Constants SympOSiUm 
included the following philosophies of approach. problem 
areas relative to  the astronomical unit problem areas of geo- 
detic and geophysical constants, space experiments. earth's 
equatorial radius. lunar constant<. planetary constants. and 
astronomical unit determinations J A J  

RAND Corp , Santa Monica. Calif 

CONSTANTS, FEBRUARY 22-26.1962 
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N 6 3  18395 Ohio State U Research Foundation Antenna 
Lab Columbus Ohio 
R A D A R  BACK SCATTERING MEASUREMENTS FROM 
"MOON-LIKE" SURFACES 
W H PeakeandR C Taylor May 1 1963 1 8 p  2 re fs  
(NASA Grant NsG-213-61) 
(NASA CR-50304 Rept 1388 9) OTS $1 60 ph $080  mf  

Measurements of back scattering from a number of rubble 
like surfaces have been made for several polarization states 
For such surfaces there is a qualitative relation between the 
surface roughness and angular and polarization dependence of 
the back scatter This relation may be used to estimate surface 
roughness and perhaps dielectric constant from back scatter 
ing meadrements Author 

N63-18415 
FEASIBILITY OF REMOTE COMPOSITIONAL MAPPING OF 
THE LUNAR SURFACE. EFFECTS OF SURFACE ROUGH- 
NESS 
Eugene A Burns (Space Techno1 Labs) and R J P Lyon 
May 23. 1963 24 p 17 refs 
(NASA Contract NASr-49(04)) 
(NASA CR-50544) OTS $2  60 ph. SO 9 2  mf  

Consideration of an instrument capable of remote composi- 
tional mapping of the lunar surface by measurement of the 
diagnostic spectral emissivity curves results in the recom 
mendation of a modified Perkin-Elmer Model SG-4 Spectro 
photometer A discussion of the constraints imposed on the 
design of this instrument for spectral resolution weight signal 
to-noise ratio. detector temperature and configuration and 
power requirements is  presented together wi th  the implications 
of these factors on the oblectives of compositional mapping 
from a spacecraft Author 

Stanford Research l ns t .  Menlo Park. Calif 

N63-18422 Jet Propulsion Lab Calif lnst of Tech Pasa 
dena 
LUNAR SURFACE A N D  SUBSURFACE MAGNETIC SUS 
CEPTlBlLlTY INSTRUMENTATION 
Edgar M Bollin 119621 7 p Repr from I R E  Trans lnstr v I 11 
nos 3 81 4 Dec 1962 p 101-106 4 refs Presented at the 
1962 International Conf on Precision Electromagnetic Meas 
urements 
(NASA Contract NAS7 100)  
(NASA CR-50578 Conf Paper 1 5  JPL TR-32-343) 

Mult icoi l  induction measurements of the lunar surface and 
subsurface magnetic susceptibility are under study Major 
considerations are the improvement of the accuracy and log 
ging ability of various probe configurations Special boundary 
conditions of high vacuum extreme ambient temperature vari 
ation restriction to  mechanically passive systems simple 
electronics low power and light weight al l  contribute to  
degradation of the accuracy of the instrument Measurements 
in the range of 10 t o  1OO.OOO micro-oerstedlgauss are of 
interest Nonsedimentary rocks range from 40 t o  1000 ,I 
oersted/gauss and the presence of nickel-iron meteoritic ma 
terial may extend the range beyond the present l imits of meas 
urement The determination of the presence or absence of 
meteoritic material is necessary t o  validate not only the accu 
racy of the susceptibility m e a s h m e n t  but also the accuracy 
of low-level magnetometer measurements Author 

N63-18448 Air Force Systems Command Foreign Technol- 
ogy Div Wright.Patterson AF8. Ohio 
FIRST PHOTOS OF THE REVERSE SIDE OF THE MOON 
In I f s  Soviet Satellites and Space Ships (Selected Articles! 
Feb 23  1962 p 159-165 (See N63-18430 17-32) 

An analysis of photos of the reverse side of the moon 
obtained from the Automatic Interplanetary Station (AIS) is 
presented As a result of preliminary investigation of available 
photos II can be mentioned that on the invisible part of the 
lunar surface are predominant mountainous regions. and there 
are very few seas that are similar to  the seas on the visible side 
of the moon For the most part there are crater seas lying in 
the southern and near-equatorial regions Of the seas photo- 
graphed on the invisible surface but close to  visible edge. are 
the Humboldt Sea Marginal Sea Smith Sea. and Southern 
Sea N E A  

N63-18775 California U Berkeley Lawrence Radiation Lab 
PROTON ACTIVATION IN SPACE VEHICLES 
Paul W Todd In 11s Biology and Medicine-Semiannual Report 
Fall 1962 Dec 1962 p 1-14 75 refs (See N63-18774 17-16) 
OTS $ 2 7 5  
(Supported by NASA and AEC) 

Proton-induced radioactivity in the inner radiation belt has 
been analyzed from available experimental data in the literature 
prior to  1961 to  estimate i ts relevance to  spaceflight safety and 
instrumentation Proton-excitation functions of carbon. nitro- 
gen oxygen and aluminum are presented and used to  calculate 
induced radioactivity in  a scintillation detector an aluminum 
shell and in the standard man ' Planetary exploration appa- 
ratus is also considered In these cases induced radioactivity in 
the inner radiation belt has been found measurable but small 
I t  presents little problem to spaceflight and exploration but can 
give rise t o  a small increase in count rate if low-background 
counting is  performed by specialized detecting devices In par- 
ticular proton-induced radioactivity was found t o  influence a 
detection system designed for the determination of the potas- 
slum 40 content of the lunar surface Author 

N63-18778 Air Force Systems Command Kirtland AFB 
N Mex 
BIBLIOGRAPHY OF EXTRATERRESTRIAL RESEARCH 
Robert W Henry June 1963 104 p 1504 refs 
(AFWL RTD TDR 63 3025) 

This bibliography on extraterrestrial research is subdivided 
into the following categories Astrobiology Astronomy and 
Cosmology Cratering Phenomena Extraterrestrial Matter 
Materials Meteoritic Cratering Moon (Atlases and Photog- 
raphy Configuration Experimental Research Exploration and 
Basing Concepts Lunar-Earth Phenomena Lunar Trajectories 
Surface Materials and Topographical Features) Planets 
Power Systems Space Vehicles and Probes Tektites and 
Vacuum Environmental Simulation Author 

N63-18863 National Aeronautics and Space Administration. 
Washington D C 
LUNAR EXPLORATION PROGRAM Sixth Semi-Annual R.port 

8 Milwitzky Dec 5. 1961 1 9 p  
(NASA TM X-50135) OTS $1 60 ph. SO 80 m f  

The current NASA programs-Ranger, Surveyor, and Pros- 
pector-descgned t o  provide unmanned exploration of the lunar 
surface w e  summarized The basic objectives of the unmanned 
lunar exploration program are (1) t o  design. develop. and 
utilize spacecraft and instrumentation t o  explore the moon by 
landing instrument payloads and capsules on the lunar surface 
and by placing scientific instruments in precise lunar orbits 
(2) to  carry out investigations to  further our knowledge of 
cislunar space. the environment at the lunar surface. and the 
physical and chemical properties of the moon. (3) t o  provide 
information leading to an understanding of the origin and 

to congresr 
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history of the moon and solar system. and (41 t o  provide support 
t o  subsequent manned lunar exploration The nine flights of the 
Ranger project are divided into three categories t o  provide 
engineering data on  the spacecraft systems. to  rough-land a 
payload o n  the moon and to  orbit the moon obtaining high 
resolution TV pictures The Surveyor has t w o  spacecraft 
systems a soft-lander and an orbital craft The Prospector wi l l  
pick its landing site soft-land and provide roving exploration 
of the lunar surface and support of manned landings D E R 

N63-18921 Sophia U 1Bulgaria) 
A N  INSTANCE OF REACTION MOTION IN NATURE [SUR 
UN CAS DE MOUVEMENT A REACTIONS DANS LA NATURE1 
N[ickola] Bonev In Assoc Intern Uomo nello Spazio. Rome 
Proc of the Intern Cong -Man and Techno1 in the Nucl and 
SpaceAge Milan Apr 18-21 1962 p 139-142 10 rc fc  (See 
N63-18914 18-01) 

The formation of craters o n  the lunar surface is discussed 
One belief is that these craters resulted from eruptions on the 
moon. another belief is  that the craters were formed by meteor 
bombardment This latter hypothesis of meteor bombardment 
seems t o  be held in a more favorable position than the belief 
that the craters were formed by volcanic eruptions C L W 

N63-19354 Aerospace Information Div Library of Congress 
Washington D C 
LUNAR DIMENSIONS. ANNOTATED BIBLIOGRAPHY OF 
SOVIET-BLOC LITERATURE, 1957-1963 
July 3 0  1963 58 p 68  refs 
(AID Rept 8-63-100)  OTS $ 5 6 0  ph 8 1  94 mf  

N63-19488 Jet Propulsion Lab Calif Inst of Tech Pasadena 
THE IMPORTANCE OF MANNED LUNAR EXPLORATION 
A n  Open End Discussion 
A R Hibbs Moderator In North American Aviation Inc Downey 
Calif Proc of the Lunar and Planetary Exploration Colloq 
Santa Monica Calif May 23 24  1962 p 87 9 8  (See N63 
19478 19 16) 

I t  appears that sending a man to the moon on the first 
exploratory trips would be of negligible value He could do 
little more than an instrument in collecting preliminary data 
geological and possibly biological samples from the lunar sur 
face and returning them to earth for processing and evaluation 
Once this preliminary information on the lunar environment is 
available however a man or men should go there to  make 
firsthand observations gather additional data and samples and 
conduct experiments that would be too sophisticated for an in 
strument or automation Author 

N63-19541 Aeronutronic. Newport Beach. Calif 
THE RANGER LUNAR CAPSULE 
Frank G Denison In Jet Propulsion Lab.  Calif lnst of Tech 
Pasadena Ranger Program Repr from Astronautics. Sept 1961 
p 32-33 and p 77 -78  (See N63-19535 19-32)  

The design and operation of the Ranger lunar capsule, 
designed to place a sterile seismometer and related equipment 
on the moon's surface. is described The capsule is carried l o  
the immdeiate vicinity of the moon by the Ranger bus A fuze- 
type altimeter in the capsule measures.the distance to the moon 
and at a predetermined altitude from the lunar surface. signals 
for bus-capsule separation A retrorocket brakes the capsule 
laiidiriy sphere as i t  falls to the iunar surface The isitding 
sphere contains the impact limiter and a fluid-floated survival 
sphere wi th  its scientific instrumentaion Upon arrival at the 
lunar surface. the survival sphere automatically erects itself 10 

local vertical by means of lunar gravity This vertical positioning 

of the sensitive axis of the seismometer permits the use o f  a 
modestly directional transmittiny antenna to relay scientific and 
engineering data back to the Deep Space Instrumentation Facil 
ity The seismometer is designed not only to provide a record 
of moonquakes and meteoric impacts should they occur hut 
also to record the continuous microscopic seismic motions that 
are believed to exist on the moom M P G  

N63-20192 Texas Instruments. Inc.. Dallas 
EVALUATION OF LUNAR GRAVITY NEEDS A N D  GRAVITY 
METER CAPABILITIES Final Report 
F. E. Romberg e t  a l  Ju ly  5. 1963 94 p 46 refs 
INASA Contract NASw-581)  
(NASA CR-50772)  OTS. $8.60 ph. $3 0 2  rnf 

The use of gravity meters o n  the m o o n  t o  provide data and 
;n!o:ma:ion toncerninS earth-caused :ides. due to the moan's 
monthly change in orbital distance from the earth. is  discussed. 
Gravity meters. equipped w i t h  properly constructed readout 

. devices. could also act as seismometers-and provide data as 
t o  the moon's seismicity. Gravity meter design and methods 
of implementation are examined. and it is  concluded that 
gravity can play an important role in a l l  stages of lunar explora- 
t ion and that the gravity meter best adapted t o  present trans- 
port in a hard landing lunar spacecraft is  one based on  a quartz 
elastic member. This instrument is so far advanced in testing 
and development that it can reasonably be expected t o  be 
successful. C.L w 

N63-20246 
LUNAR SURFACE CHARACTERISTICS 
R F Fudali June 25. 1963 ( r e v )  3 1  p 3 1  refs 
(NASA Contract NASw-4171 OTS $3 60 ph $1 1 3  m f  

Experimental evidence indicates that the lunar atmosphere 
may be  considered essentially nonexistent. and that lunar 
surface temperaturesvary from 3 9 0  + 20" K t o  110 +25"  K for 
regions exposed to the sun during a lunation Temperature 
variations are shown as a function of both phase angle and 
latitude Large-scale surface features are briefly described. 
and small-scale relief is  inferred from the large-scale features 
and a consideration of possible modes o f  origin A n  estimate 
of the average radioactivity dose due t o  surface material ( 3  
mil l i remslweek) i s  much  less than that considered hazardous 
The surface is both a poor thermal and electrical conductor. 
but the vertical extent of this insulating material is  unknown 

Author 

Eel lcomm. Inc . Washington. D C 

N63-20249 N e w  Mexico U Albuquerque Engineering E x -  
periment Station 
BIBLIOGRAPHY OF BACKSCATTER A N D  RELATED SUB-  
JECTS 
Donald H Lenhert. Nasir Ahmed. W W Koepsel. and B D 
Warner June 1963  43b  549  refs 
(NASA Grant NsG-129-61)  
(NASA CR-50856.  EE-92) OTS $460 ph. $1 49 m f  

Several major topic areas are included in this bibliography 
These areas are (1) backscatter and radar return. (2)  lunar 
surface properties. (3) acoustic instrumentation and simulat ion 
of radar return from terrain and geometrical shapes, and (41 corre- 
lation of radar and photographic data A l ist o f  references which 
resultedfrom this research and the associated literature searches 
is compiled Author 

N63-21044 
STUDIES OF LUNAR SOIL MECHANICS Final Report 
E Vey and J D Nelson July 1963 100  p 57 refs 
(NASA Contract N ASr-65(02) 
(NASA CR-50930)  OTS $8 60 ph. $ 3  20 m f  

IIT Research l n s t .  Chicago. 111 
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To provide basic engineering data on  the behavior of SOIIS 

under lunar environmental conditions experiments were per- 
formed to  determine the properties of soils under atmos- 
pheric pressures and vacuum levels UP t o  the lo-'' torr range 
Experiments consisted primarily of the determination of the 
vacuum in soil pores in relation t o  chamber vacuum the poros- 
ity attained by deposited soil shear-strength parameters and 
load-settlement relationships on small loaded areas I t  was 
observed that the vacuum in the soil pores was considerably 
less than that recorded in the chamber Porosities attained by 
soil deposited under l ow  vacuums ( 1  to  10-3 torr) were less 
than those attained in atmosphere But at higher vacuum 
levels the porosity increased w i th  an increase in vacuum and 
in the case of silica flour for vacuums o f  l o - '  torr or higher 
it was greater than when deposited in  atmosphere Direct 
shear tests showed that the apparent cohesion and the internal 
friction of the silica flour increased under vacuum This was 
also evidenced by increased bearing capacity The increase 
in porosity in soils and the effects on the apparent cohesion 
were attributed to the developmeht o f  interparticle forces These 
forces may be either attractive or repulsive depending on the 
mineralogical composition of the soil and the vacuum level 

Author 

N63 21111 General Mil ls Inc Minneapolis Minn Elec 
tronics Div 
INVESTIGATION OF SPUlTERING EFFECTS O N  THE 
MOON'S SURFACE First Quarterly Status Report, 2 5  Apr - 
24 July 1963 
G K Wehner D L Rosenberg and C E Ken Knlght July 31 
1963 22 p 1 1  refs  
(NASA Contracts NASw 751 and NASw 424 Pro1 89308)  
(NASA CR 51082 Rept 241'41 OTS $ 2 6 0  ph $ 0 8 6  mf  

Long duration solar wind sputtering conditions were sim 
ulated at at a much accelerated scale w i th  mass separate0 
hydrogen ion beams or in low pressure noble gas or hydro 
gen plasmas Experiments w i th  metal targets and metal 
oxide and rock powder samples demonstrate the leveling and 
smoothing of macroscopic surface features and cementing 
together of loose particles into a porous bri t t le fibrous crust 
Certain oxide surfaces become enrlched w i th  metal atoms 
under the bombardment and sputtering action I t  IS concluded 
that many of the unusual properties of the lunar surface can be 
explained by the action of solar wind bombardment Author 

N63-21346 Virginia Polytechnic lnst Blacksburg 
LUNAR EXPLORATION. PROCEEDINGS OF THE CON- 

12-17. 1962 
Oran W Nicks et  al A u g  1962 169 p 52 refs Repr from Bull  
Eng Expt Sta v 56 no 7 May 1963 
(Supported by NASA and NSF) 
(Irs Eng Expt Stat Series 152) 

The following topics dealing w i th  lunar exploration were 
discussed (1)  photography o f  the moon from space probes (21 
lunar seismology (31 prospects for the existence of lunar or 
ganic matter (41 instrumentation for lunar soft landings and 
(51 the nature of the lunar surface and inajor structural lea 
tures P V  E 

FERENCE O N  LUNAR EXPLORATION, PART C - AUGUST 

N63-21361 J e t  Propulsion Lab Calif lnst of Tech Pasa 
dena 
THE DEVELOPMENT OF THE SURVEYOR GAS CHRO- 
MATOGRAPH 
W F Wilhite May 15  1963 19 p 3 refs 
(NASA Contract NAS7-1001 
(NASA CR-51007 JPL-TR 32-425)  OTS $1 60 p h  $0 80 m f  

The instrument is designed to  be soft-landed on the surface 
of the moon as part of the Surveyor scientific payload While 
on the lunar surface the gas chromatograph should provide an 
analysis of the volatile constituents in a sample of the lunar 
surface material The report discusses provisions for thermal 
control of the operating instrument over a wide range of am 
bient temperatures packaging necessary to  meet the seveie 
vibration and temperature environments and problems en 
countered in  the design of subassemblies of the instrument 
such as solid sample handling and heating in the oven sub 
assembly programed valving column materials sample detec- 
t ion signal processing and calibration Author 

N63-21362 Virginia Polytechnic I nst , Blacksburg 
CONFERENCE O N  LUNAR EXPLORATION PART 6. PRO- 
CEEDINGS AUGUST 12-17, 1962 
J V Evans, T B A Senior. Eugene Shoemaker. Jack Green. 
and Wernher von Braun Aug  1962 202 p 101 refs 
(Supported by NASA and NSFI 
(Its Bulletin. Eng Expt Sta Series nor 152. v 56. no 7 May. 
1963) 

This conferene on lunar exploration covers the fol lowing 
radio echo studies of the moon. interpretation of lunar radar 
data application of photographic photometry to  the geology 
of the lunar surface. lunar vulcanism and manned lunar ex- 
ploration J R C  

N63-21479 
dena 

MENT A N D  PROCESSES ADAPTABLE TO LUNAR A N D  
PLANETARY EXPLORATION 
Dorothy I. Sweitzer. comp May  1963 3 4 0  p 2705  refs 
(NASA Contract NAS7-100)  
(NASA CR 50966, JPL-AI/LS-464) OTS: $ 1 9 . 7 5 p h . $ 1 0 4 0 m f  

A bibliography is given of catalog citations and abstracts 
on the subjects of general manipulators. roving vehicles and 
stationary structures. soil, vegetation. dust and particles. gas 
and liquid. inspection. testing. and analysis techniques. mech- 
anisms for gripping, holding. hoisting. lowering. conveying. 
cutting, crushing. grinding. sweeping. and abrasive cleaning. 
mining equipment and techniques. machinery construction. 
remote. automatic, and adaptive control, and human t ime lag 
and human factors in control J E T .  

Jet  Propulsion Lab.. Calif: Inst. of Tech .  Pasa- 

ASTRONAUTICS INFORMATION. ENGINEERING EQUIP- 

N63-21615 
PROCEEDINGS OF THE CONCERENCE O N  LUNAR EX- 

M a y  1963 2 0 4  p 105  refs 
(Sponsored by NASA and NSF) 
(IrsBullet in Eng Expt Sta Ser N o  152. Pt A. Vol  56. no 1) 
VPI $ 1 0 0  

Virginia Polytechnic lnst , Blacksburg 
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CONTENTS 
A THE M O O N  A S  A N  EARTH SATELLITE 
1 THE ORBIT OF THE MOON, PERTURBATION DUE 

TO THE SUN, ETC D Brouwer (Yale U O b s l  p 1/1-1/16 
(See N63-21616 22-91 

2 THE DETERMINATION OF THE MASS. SHAPE. 
MOMENTS OF INERTIA. A N D  GRAVITATIONAL FIELO OF 
THE M O O N  P J Message (Liverpool U .  G t  Bri t  I p 1111- 
11/20 2 3  refs (See N63-21617 22-29) 

3 AGE OF THE MOON, CHEMICAL COMPOSITION. 
GEOLOGICAL ASPECTS, STRESS A N D  COOLING HISTORY 
H C Urey 'p 111/1-111/31 8 refs (See N63-21618 22-29) 

B STUDIES OF THE LUNAR SURFACE I 
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4 ATMOSPHERE NEAR THE MOON S F Singer 
(Weather Bur 1 p I V / l - I V / l l  14 refs (See N63-21619 22-29] 

5 TOPOLOGY OF THE LUNAR SURFACE 2 Kopal 
(JPL) p V I 1  (See N63-2162022-29)  

6 MEASUREMENTS OF LUNAR TEMPERATURE VAR- 
IATIONS DURING AN ECLIPSE AND THROUGHOUT A 
LUNATION R W Shorthill (Boeing Sci Res Labs) p V I / l -  
VI163 25 refs (See N63-21621 22-29) 

7 THE NATURE OF THE LUNAR SURFACE AND 
MAJOR STRUCTURAL FEATURES R B Baldwin (Oliver 
Mach C o )  p Vl l / l -V11/38 35  refs (See N63-21622 22-29) 

N63-21617 Liverpool U (Gt Brit I 
THE DETERMINATION OF THE MASS, SHAPE, MOMENTS 
OF INERTIA, A N D  GRAVITATIONAL FIELD OF THE MOON 
P J Message i n V a  Poiyiech i ns i  Proc of ihe Coni  on  Lunar 
Exploration Aug 12-17 1962 p 11/1-11/20 23  refs (See N63-  

The determination of the mass shape moments of inertia 
and the gravitational field of the moon are discussed The only 
means at the present for the determination of the mass of the 
moon is by the measurement of the lunar equation i e the 
displacement in  the apparent position of any member of the 
solar system as observed from the earth arising from the 
ear ths  monthly revolution about the center of mass of the 
earth and the moon The shape of the surface of the moon can 
be determined by measurement From the apparent move- 
ments of objects on the surface during the librations (the 
departures of the orientation of the moon from the configura- 
t ion defined by Cassini s empirical laws). the geometrical shape 
of the surface can be determined The ratios of the moments 
of inertia of the moon can be determined from the rigid body 
motions starting w i th  Cassini's empirical laws which describe 
the orientation of the moon within about 2 minutes of arc The 
gravitational field of the moon can be expressed in terms of 
the potential V which is given at an exterior point. P by 

2161522-29)  

C - 1/2(A + B) ( q p ) 2  (3 sin2B - 1) - V(P) = - - 1 -- 
G:D{ m 3 R ) 2  2 

where A E. C are the principal moments of inertia of the Moon. 
R D  i ts mean radius. r IS the distance of P from the center of 
mass. and A and f l  the longitude and latitude of P referred t o  
the Moon's equator I V L  

N63-21618  California U La Jolla lnst of Tech and Engi 
neering 
AGE OF THE MOON,  CHEMICAL COMPOSITION. GEOLOG- 
ICAL  ASPECTS, STRESS A N D  COOLING HISTORY 
Harold C Urey In Va Polytech lnst Proc of the Conf 01' 

Lunar Exploration. Aug 12-17, 1962 p 111/1-111/31 E refs 
(See N63-21615 22-29) 

The moon probably formed 4 5 bil l ion years ago in  a melted 
state The surface temperature would have started at about 
1100" C and cooled throughout i ts history This situation exists 
for all radial stations wi th in the moon, but w i t h  a more rapid 
and greater degree of cooling being apparent near the surface 
At  the center of the moon. very l i t t le cooling wi l l  have occurred 
through diffusivity during the 4 5 bdilon years of nts existence 
The variation of temperature w i th  depth (or radius) follows the 
quadratic temperature variation through the moon itself Should 
there be any radioactive heating in the interior. then the tem- 

N 63 

perature wi l l  necessarily be increased Temperatures of the 
order of 2500" to  2800" C.  as a maximum. might be expected in 
the interior dependent on  the choice of potassium abundance 
The moon's irregular shape is due to bulges toward and away 
from the earth These bulges are estimated to  be about one 
kilometer in height whereas the equilibrium height of the 
moon would be about 6 0  meters Hence the bulge could be 
accounted for by assuming that the moon had a certain rigidity 
for quite some t ime and could support this irregular feature 
from a t ime in i ts early history This could be due to the prob- 
ability that in i ts accumulation the moon acquired a variation 
with angle in the concentration of high-density material I f  
this occurred the highest density material would be localed 
in the polar regions of the moon and the lowest density mate- 
rial located in the direction of the earth-moon radius vector 
The geological aspects of the moon are not discussed in  this 
psper I V L  

N63-21620 J e t  Propulsion Lab Calif Inst of Tech Pasa- 
dena 
TOPOLOGY OF THE LUNAR SURFACE 
Zdenek Kopal (Manchester U Gt Brit ) I n  Va Polytech lnst 
Proc of the Conf on Lunar Exploration Aug 12-17 1962 
p V 1 (Abstract) (See N 6 3  21615 22 29) 

The possible lunar internal processes the structure of the 
lunar interior and the influence of these t w o  factors on the 
shape and topology of the lunar surface are discussed Most of 
the evidence presented points to  a viscoelastic model for the 
lunar interior ( I t  i s  the physical state 0' this interior which 
determines the siidpe and topology of the moon) 
cussed are the determination of topographical features the 
accuracy of their measurements and methods for obtaining 
them The influence of factors such as shape optics and posi 
tion-as related the the accuracy of photographic interpreta 
tion-is presented A description i s  given of the work currently 
being carried out by various groups to  produce luvar charts 

I V L  

Also, dis 

N63-21621 Soeing Scientific Research Labs Seattle Wash 
Geo astrophysics Lab 
MEASUREMENTS OF LUNAR TEMPERATURE VARIATIONS 
DURING A N  ECLIPSE A N D  THROUGHOUT A LUNATION 
Richard W Shorthill I n  Va Polytech lnst Proc of the Con1 
on Lunar Exploration Aug 12-17 1962 p V l / l - V 1 / 6 3  25 
refs (See N63-21615 22-29] 

This report discusses (1) infrared measurements during a 
lunation and during an eclipse. (2) radiothermal emission dur- 
ing lunation and during an eclipse Also isothermal maps are 
presemed of Tycho. Theophilus. Alphonsus. Dionysius Pro- 
clus Menelaus. Cleomedes. Posidonius Copernicus Kepler 
and Aristarchus The scanning for these isothermal maps took 

I V L  place on September 4. 5. 6. 1960 

N63-21622 Oliver Machiner, Co Grand Rapids Mich 
THE NATURE OF THE LUNAR SURFACE A N D  MAJOR 
STRUCTURAL FEATURES 
Ralph B Ealdwin I n  Va Polytech lnst Proc of the Conf on 
Lunar Exploration Aug 12-17 1962 p Vl l / l -V11/38 35  refs 
(See N63-21615 22-29) 

In the early phase of the moon s history the surface layers 
were hard and fairly thick Craters of class 1 could be formed 
any t ime in this period After they were formed later impacts 
occurred which aiiow ihe dating of crater age on a relative 
scale based on the number of craters superimposed In  this 
period the older the crater the more it had been distorted by 
isotatic adlustment In  the terminal phases of the building of 

31 
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the moon the moon had developed a hard crust but the interior 
was  hot enough to weaken regions of the moon correspond 
ing to  the mantle of the earth lsotatic adjustment then oc 
curred on the surface The amount of isotatic adjustment ob 
servedwas greater in the largest craters and least in the smallest 
craters After the maria developed the local isotatic adjust 
men1 ceased and the later craters few in number rem’ained 
in class 1 The moon became more rigid after the development 
of the maria Eventually the moon beame tidally distorted 
due to i ts ability to adjust its form l o  exterior influences and 
due to the fact that the moon was close l o  the earth I t  appears 
that the interior of the moon is now very hot but not as hot 
as in  earlier t imes and that the outer layers have a finite strength 
sufficient to maintain a small bulge and to  preserve craters 
for billions of years when similar oblects on the earth would 
vanish ouickly I V L  

N 6 3  21643 Jet Propu’sion Lab Calif lnst of Tech Pasa 
dena 
ASTRONAUTICSINFORMATION RECOMMENDATIONSFOR 
UTILIZATION OFLUNAR RESOURCES SEMINAR PROCEED- 
INGS A REPORT OF THE WORKING GROUP O N  EXTRA- 
TERRESTRIAL RES6URCES. M A R C H  8. 1963 
George W S Johnson ed June 28  1963 , 7 0  p 5 8  refs 
(NASA Grant NAS7 1001 
(NASA CR 51008) OTS $ 6  6 0  p h  $2  3 0  m l  

terrestrial resources w i t h  the oblective of reducing dependence 
of lunar and planetary exploration on terrestrial supplies is 
discussed w i th  respect to the following ( 1 )  lunar resodrces 
121 chemistry and physics af lunar surface 13) power source5 
(4 )  base construction and surface transporation and 15) min i r i i  

The feasibility and usefulness of the employment of extra 

and processing P ‘ J  E 

N63 21733 J e t  Propulsion Lab Calif lnst of Tech Pasa 
dend 
THE BEARING CAPACITY OF SIMULATED LUNAR SUR- 
FACES IN VACUUM 
E C Bernett R F Scott L D Jaffe E P Frink and H E 
Martens Aug 15 1963 16  p 7 refs 
(NASA Contract NAS7 100) 
(NASA CR 51318 JPL TR 32 3261 OTS $1 6 0  ph $0 80 
mf  

The static bearing capacity of a granular material con 
sisting of dry crushed olivine basalt was determined in air 
and in a 10  mm H g  vacuum by means of cylindrical prohes 
w i t h  a range of diameters Samples w i t h  various particle 
size distributions (all below 3 5  mesh) were used for these 
tests I t  was found that the packing density of  these granu 
lar materials .vas the factor which had the greatest effect 
on the bearing capacitg The min imum bearing capacity of 
a loosely packed sample w i t h  a density of 1 2 5  g ]cm3 was 
about 0 1 kg/cm2 The maximum bearing capacity of a 
densely packed sample w i t h  density of 2 1 g /cm3 was about 
7 kg lcm’  
pared w i t h  the effect pf packing density Direct shear tests 
indicated the cohesion in a few densely packed samples to  

he 1 2 X l o 4  dynes cnt’ F o r  the small prohes used the co 
htssion was estimated to contribute 85% to 95% of the ot) 
served hearinq capacity for the densely packed sdmolrs but 
niut h less for the loosely parked samples A u t  Iior 

The effects of vacuum were insignificant com 

N63-22374 
Ames Research Center Moffett Field Calif 
O N  THE LUNAR ORIGIN OF TEKTITES 
D R Chapman and Howard K Larson Repr from J Geophys 

National Aeronautics and Space Administration 
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Res v 68  no 14 July 1 5  1963 p 4305 4358 9 8  refs Paper 
presented at 13th Intern Astronautical Cong Varna l8ulgaria) 
Sept 23  29  1962 

The experimemal facilities and analytical methods of 
atmosphere entry aerodynamics have been applied to the study 
of tektites Hypervelocity ablation experiments in the laboratory 
have reproduced the same surface sculptures geometric rela 
tionships systematic striae distortions and coiled circumleren 
tial flanges as those founo on tektites from Australia The 
aerodynainic evidence demoristrates that the javanites and 
australites were twice melted the second time t i y  derodynamic 
hedtlilq of riqid tektite glass during atmosphere entry 
ments conducted on molten glass eleLted into the atmosphere 
dt vdrious visLosities show that the prinidry australites were 
formed In an environment in which the atniosphere density 
was many orders of maqnitude less than thal  at the ear ths  
surfdce this contradicts the hypothesis of tektite oriqin Iron1 
the earth or other atmosphere shrouded planets Modern 
calculation methods for aerodynamic ablation are shown to  be 
in good agreement w i t h  various laboratory experiments and 
w i t h  an entry flight experiment From the amount of ablation 
the distortion of striae and the spacing between ring waves on 
australites entry tralectories have been determined The moon 
is the only known celestial body of origin compatible w i t h  these 
tralectories The distribution of chemiral  elements in  tektites 
earth crust meteorites and other cosmc  bodies is compared 
and a brief discussion is given of the chemical differentiation 
of the lunar crust to which the overall evidence points Author 

Expert 

N63-22841 American Astronautical Society New York N Y 
M A N N E D  LUNAR FLIGHT. ADVANCES IN THE ASTRO- 
NAUTICAL SCIENCES, VOLUME 10 
George W Morgenthaler and Horace Jacobs eds North 
Hol lywood Western Periodicals Co 1963 308  p 166 refs 
Proceedings of A m  Astronautical SOC Symp o n  Manned Lunar 
Flight. Denver Dec 29. 1961 
(Co-Sponsored by NASA and the A m  Physiol SOC ) 

CONTENTS 
1 WELCOME ADDRESS W L Whitson p 3  5 
2 THE AIR FORCE A N D  THE LUNAR PROGRAM 

3 THE NATIONAL A N D  INTERNATIONAL SIG 
0 J Ritland p 6  10  

NlFlCANCE OF THE LUNAR EXPLORATION PROGRAM 
H L Dryden p 11 20  

4 PROPULSION CAPABILITY FOR LUNAR MISSIONS 
Y C Lee and 8 Karen p 23 38  13  refs 

5 RENDEZVOUS FOR LUNAR MISSIONS C L Kober 
p 3 9  51 4 1  refs 

6 LUNAR SPACECRAFT DESIGNS G R Arthur p 52 
8 1  

7 LUNAR NAVIGATION A N D  GUIDANCE W Elfers 
p 8 2 -  101 9 refs 

8 LUNAR LANDING PROBLEMS W Duke p 102 155 
23  refs 

9 RE ENTRY FROM LUNAR hi(lSSI0NS P H Rose 
p 156- 179 3 6  refs 

FLIGHT W D Winters p 183 209  21 refs 
11  EVALUATION OF CIRCULATORY FUNCTION AT 

NULL GRAVITY N Pace J T Hansen and N J 8ronstein 
p 210.219 7 refs 

12 PANEL SPACE PHYSIOLOGISTS THEIR ROLE 
AVAILABILITY A N D  TRAINING L D Carlson (Moderator) 
W Purdy J H U Brown and R E Smith p 221 234 

i o  NEUROPHYSIOLOGICAL ASPECTS O F  SPACE 

13 LUNAR TOPOGRAPHY E Whitaker p 237 250  
14 PRELIMINARY INVESTIGATION OF LUNAR SUR 

FACE COMMUNICATIONS J P Ferrara and M Chomet 
p 251 264 7 refs 



15  LUNAR BASING J D e N i k e  p 2 6 5  278 
16 LUNAR EXPLORATION VEHICLES A N D  EQUIP 

MENT J Froehl ichandA Hazard p 2 7 9  302 9 re fs  

N63-23311 Air Force Cambridge Research Labs Bedford 
Mass 
A STATISTICAL APPROACH TO LUNAR GEOMETRY 
Donald H Eckhardt (Arizona U ) and Mahlon s Hunt In 1l5 
Compendium of Papers in the Fields of Geodesy and Planetary 
Geometry Aug 1963 23  p refs Presented at I A U  Symp 
N o  1 4  on  the M o o n  Leningrad Dec 1960 and revised in 
Dec 1962 (See N 6 3  23301 2 4  0 1 )  

Selenographers have been compil ing maps of the moon 
for many years However their inputs have relied substantially 
on parameters gaineo i rom appiications oi tne pnysicai tneory 
of the moon and straightforward geometry Recently through 
selenodetic photogrammetry approaches utilizing statistical 
least squares theory have been introduced as possible ap 
proaches t o  the problem This paper defines one statistical 
ai1i)roa‘h throuqh an application o f  the method of maximum 
Iikel ihord and mdkes d qimple pilot error analysis Author 

N63-23341 Do~tgl, is Aircraft C o  Sdnta Monica Calif MIS 
sile and Space Systeiiis Div 
LUNAR MISCELLANY 
J A Ryan Apr 1963 4 0  i) refs 
I S M  43544)  

Lunar temperatures aiid their implicatioiis ds to  the nattire 
of the lunar surface anti lunar surface ratlioactivtty are reviewed 
The maximum lunar surlace temi)eratiire ailpears to  be 400  K 
though there is some: i incertainty as to  th is  T l i i s  m a x i m u m  
temperature occurs  rough ly  at Iuiiar iiooii dt id piol)cil)iy at or 
near the lunar equator During the Iui idr  night tlie surfdce 
teinperature drops to a low value possil)ly iii the rieiqliborliood 
of 1 2 0  K but quite coiiceival)ly soiiiewlidt higher  or siq 
nif icai i t ly lower t l i a i i  this The rapid sur1dl.e teinperature 
chaiiges w i th  i i i so la t io i i  cticiiiqcs iiidiccitt! stroiiqly but do riot 
prove that t h e  surfdce i i idteridl has  ‘I very low coiiductivity 
The 1)CSI ~ : d l l l l l l ~ d ~ ~ !  for e x ~ ) ~ a i l l i n ( l  t h i s  IOW (:Olldl i~:~iVl~y d l ) l ) l ! d I S  

10 ( ) e  d fii ie grdiilt!i l  graiiiil<ir i i idterial  An iiiisliit!l[lt!d i l ld i i  dt 

the I i i i iar  s i i r f ~ i ~ ~ i !  would p ro l )a l ) l y  itsl’civt: ‘I q d i i i i i i ~ i  dose 01  less 
tliaii 6 rad for dii t ’x l iosure of ant: y ~ ~ i r  A lso  qra i i i  soi l  
derisity ailti eii!liii~!i:riii!l I)i:1i:iviur 1 ) d r , i i i i r t t ~ r s  of luiidr so i l  
d i e  disi:iissed I t  i s  i t i ( I i (  ‘ I I I : ~  t11,it IOI ‘I ~ l i v t ~ i i  ii1,iss t l i t :  I i l t i indt( :  

I O J ~  I w a r i i i q  capdi:ity of Iciii,ir soi l  15 iiirlt~iwiideiit 01  t l iv  qr.svitd 
tioiial force howevor for a q i v w  Io,id t h r !  I u i i . i r  soil h,is .I 

smaller bearing cdpdl i ty (SIIIJIII:~ I )y  J f d ( - t ( ~ r  of S I X )  th,in t l i c  
terrestrial soil I V L  

N63-23402  Douglas Aircraft Co Santa Monica Calif MIS 
sile and Space Systems Div 
CORPUSCULAR RADIATION PRODUCED CRYSTALLINE 
D A M A G E  AT THE LUNAR SURFACE 
J A Ryan May 1963 4 6  p refs Presented to  the Lunar Sur 
face Materials Conf Boston May 22 1963 Submitted for 
P u b l  ic at  io^, 

(Engineering Paper N o  1632)  
The corpuscular radiation flux incident upon the lunar 

surface the dissipation of the energy conta qed in  this flux w i t h  
depth below the surface and the effects of this upon the 
crystalline Structure of the lunar material are considered The 
malor contributors t o  the corpuscular radiation flux at the 
lunar surface are the solar and galactic particles Assuming 
that a static rondi t ion exists at the lunar sirface thP following 

conclusions are presented (1)  no siqnificant radiation produced 
crystalline ‘damage has occurred below a depth of about 
2 g Lrn (2 )  in  the depth range 1 to  2 g cm signilicant 
damage could occur but i t  appears that this could not be 
great enough to  completely disrupt the crystalline s t rw tu re  
(31 in the depth range 0 to 1 g c m  i t  IS  possible that metamic 
tization could occur R T K  

N63-23454 California U Berkeley 
LIFE BEYOND THE EARTH 
Carl Sagan In US lA  Voice of Amer Forum Ser on  Space Sci 
Jan 8 May 21  1962 p 297 3 1 0  (See N 6 3  23436  2 4  011 
(Lecture 2 0 )  

The interrelated questions of extraterrestrial life and the 
origin of life on Earth are considered A theory of the origin of 
life v the primit ive oceans I S  reviewed and !he Iabora!ory re 
creation of life is reyarded as a likely possibility The primit ive 
environments of the other planets are expected l o  have been 
similar to  the primit ive environment of the Earth Information 
on the present atmospheric and surface conditions of Venus 
Mars the Moon  and the Jovian planets is reviewed and related 
to the possibility of existence of life based on organic matter 
The existence of life based on  some other k ind of chemistry is 
beyond comprehension at present Speculation o n  extrater 
irestrial life has been popular over the years but  the prospect 
of actual experimentation to  solve this question belongs t o  
this generation The importance of sterilizing the interiors of 
all space probes in order t o  prevent contamination of extrater- 
restrial areas w i t h  terrestrial microorganisms is stressed 

M P G  

N63-23735 Air Force Systems Command Wright Patterson 
AF8 Ohio Foreign Tech Div 
ONE M O R E  PORTRAIT OF THE M O O N  
L Strizhevskaya May 10. 1963  7 p Trans1 in to ENGLISH 
from Izvestiya. Sept 9 .1962  p 3 
IFTD-TT-63.33511) 

A n  infrared system for taking pictures of the moon  IS dis- 
cussed The photographs are taken in  infrared rays in the range 
0 9  to  2 3 microns but not directly o n  a photdgraphic plate 
Instead an intermediate converter (a television apparatus) for 
converting the invisible red rays in to  visible rays IS used The 
image of the moon amplified w i th  the aid of a telescope is 
directed onto a television pickup which i s  sensitive t o  infrared 
rays P V E  

1964 
N64-10097 
SURVEYOR GEOPHYSICAL INSTRUMENT, VOLUME I: 

Interim R.port 
R. E. Canup. R .  H.  C h a r d .  Jr.. V. M. Barnes. Jr., J. R .  Bond. 
R. P. Doelling e t  a l  M a y  1. 1962 229  p refs 
(Contract JPL-95015) 

57.07 m t  
The instruments included are designed to measure tem- 

perature. thermal diffusivity. magnetic susceptibility. density. 
penetrability. and acoustic velocity o f  the lunar surface. For 
each instrument. a system and equipment description, report 
of testing and calibration, components outline. description ot 
packaging philosophy. theoretical studies. and environmental 
test results. and a recommendations section are included 

A ,ut hor 

Texaco Experiment Inc.. Richmond, Va. 

SURFACE GEOPHYSICAL INSTRUMENT-PROTOTYPE NO. I 

(NASA CR-52133: TP-192: EXP 387)  OTS: $15.00 ph. 
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N64-10179 Aerojet General Corp Azusa Calif Chemical 
Products D iv  
RESEARCH ON PROCESSES FOR UTILIZATION OF LUNAR 
RESOURCES Quarterly Report 122 Apr -31  July 19631 
S D Rosenberg G A Guter and F E Miller Aug 1963 2 9  p 
(NASA Contract NAS7 225) 
(NASA CR 52318 Rept 0765 0 1  1) OTS $2 60 ph $1 0 7  m f  

Laboratoryapparatus for studying the catalytic reduction of 
carbon monoxide w i t h  hydrogen has been designed fabricated 
and operated Excellent yields of methane ( to 9 9  0%) and 
water ( to  100%) were achieved minor amounts of carbon di 
oxide were formed as a byproduct A negligible amount of 
carbon (less than 0 1%) was deposited on the catalyst during 
several hours of operation The reaction appears very promis 
ing as a step in the reduction of silicate materials (lunar new 
materials) to  produce oxygen Author 

N64-10373 Arizona U Tucson‘ 
COMMUNICATIONS OF THE LUNAR A N D  PLANETARY 
LABORATORY. VOLUME 2, NUMBER 24-29 
Wil l iam K Hartmann et al 1963 113 p refs 
(NASA Grant NsG-161-61) 
(NASA CR-52400) OTS $9 6 0  ph. $3  59  m f  

The system of radial structures in the uplands surrounding 
Mare lmbrium contains a variety of objects and has modified 
certain pre-mare features Many of the structures cannot be 
the result of  gouging by flying fragments They may have 
formed along radial fractures associated w i th  an lmbrium i m -  
pact The morphological evidence for crustal breakup suggests 
that this impact occurred during a high-temperature stage in 
the outer layers of the moon when the surface was in tension 
and the subsurface plastic Author 

N64-10374 Arizona U , Tucson 
COMMUNICATIONS OF THE LUNAR A N D  PLANETARY 
LABORATORY VOLUME 2. NUMBER 30 [THE SYSTEM 
OF LUNAR CRATERS, QUADRANT I1 
S W G ArtHur et  a l  1963 84 p refs 
(NASA Grant NsG-161-611 
(NASA CR-52401) OTS $8 1 0  ph, $2  7 2  m f  

The designation diameter. position. central peak informa- 
tion. and state of completeness for each discernible crater in 
the first lunar quadrant w i t h  a diameter exceeding 3 5 k m  are 
listed The catalog contains about 2.000 items and is illustrated 
by a map in 11 sections Author 

N64  10625  Generdl Mi l ls  Inc Minneapolis M inn  Elec 
tronics Div 
INVESTIGATION OF SPUTTERING EFFECTS O N  THE 
MOON’S SURFACE 
G K Wehner D I Rosenberg and C E KenKnight Nov 12 
1963 30 p refs 
(NASA Contract NASw 751) 
(NASA C R  52534) OTS $ 2 6 0  p h  $1  10  mf  

Experiments to  investigate the influence of sputtering of 
the lunar surface by  the solar w ind  were continued Enrich 
rnent o f  metal concentration in surface layers of metallic oxides 
under hydrogen and mercury bombardment was demonstrated 
by X ray scattering from the powders An optical device for 
measurements of powder reflectivities is described and em 
ployed tu  measure the reflectivity of various materials powder 
surfaces sputtered under normal ion incidence are changed 
toward better agreement w i th  the lunar results Most surfaces 
are simultaneously darkened in agreement w i th  the low lunar 
albedo Crusts of copper oxides after sputterinq had high elec 
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N64 10860 National Aeronautics and Space Administration 
Washington D C 
EXPERIMENTS FOR THE UNMANNED SCIENTIFIC EX- 
PLORATION OF THE MOON 
Newton W Cunningham Repr from Lunar and Planetary Pro- 
grams p 526 530 

The unmanned exploration of the moon is expected to 
provide answers to a great many questions concerning the 
history o f  the earth moon system and the origin of other 
bodies in  our solar system The means for obtaining these 
answers lie in the efficient use of a variety of scientifically 
instrumented spacecraft capable of probing measuring analyz 
irig and observing the properties of the lunar environment 
surface and subsurface Some of the experiments being con 
sidered for lunar rough and soft landing payloads are dis 
cussed as well as the type of information that would be most 
desirable from a lunar orbiter A brief resume of the steps 
necessary in  the development of instrumentation for unmanned 
geologic investigations is also presented Author 

N64-10929 Massachusetts lnst of Tech Cambridge 
RADIOMETRIC MEASUREMENTS I N  RADIO ASTRONOMY 
Victor K Chung In RAND Corp The Appl of Passive Micro- 
wave Techno1 to Satellite Meteorology A Symp Aug 1963 
p 218 219 (See N64  10911 02  01) OTS $17 00 ph $8  15 m f  

Plans for a program ~ i i  radio astronomy whlch wil l investi 
gate the Earth s atmosphere and the extraterrestrial sources 
of radio emission are summarized as follows ( 1 )  A ground 
based radiometer looking skyward at various anqles w i th  re 
spec1 to the zenith wi l l  be used for studying the distribution 
and abundance 01  wa!er vapor in the atmosphere The radiom 
eter wi l l  traLk the Sun and the Moon ( 2 )  Radiometric 
measurements wi l l  be taken of several sources primarily 
Venus Jupiter and some of the other stronger sources 
(3 )  A n  attempt wi l l  be made to take spectra of ydses at very 
high pressures 14) Measurements of the emissive properties 
of some common materials wi l l  be made at frequencies planned 
for the radiometers ( 5 )  An attempt wi l l  be made to transis 
torize all equipment so that i t  can be f lown in  a balloon and 

I V L  perhaps even in a satellite 

N64-11222 Joint Publications Research Service Washing- 
ton D C 
TELEVISION PHOTOGRAPHY OF THE MOON 
N F Kuprevich 18  Jul 1963 11 p refs Trans1 into ENG 
LlSH of an article from Priroda (Moscow) no 4 1963 p 90-  
9 3  
(JPRS 20223 OTS-63-31315) OTS $0 5 0  

Experimehtson the use of  infrared vidicons for photograph 
ing the moon are described In photographing the image of 
the moon in the infrared region using the television system 
a series of transformations occurs A block diagram of the 
television telescope w i t h  infrared vidicon IS given R T K 



N64-11294 New Mexico State U University Park 
CONTINUED PHOTOGRAPHIC PATROL A N D  STUDY OF 
THE PHYSICAL CONDITIONS O N  THE M O O N  A N D  PLAN- 
ETS Semi-Annual Report No. 5, 15 Apr.-14 Oct. 1963 
Clyde W Tombaugh [1963] 5 p 
(NASA Grant NsG-142-61) 
(NASA CR-52850) OTS S1 10 ph. $0 80 m f  

During most of this period both Venus and Mars were un- 
favorably placed for effective observation Saturn was quies- 
cent as evidenced by scarcely any change of markings on  the 
disk On  the other hand. Jupiter was extemely active w i t h  
many rapid changes in the markings. which were wel l  ob- 
served under the very favorable circumstances of a perihelion 
opposition occurring once in 12 Earth years Author 

N64-11393 CnrnPll U lthaca N Y Center for Radio- 
physics and Space Research 
PHOTOMETRIC STUDIES OF COMPLEX SURFACES, WITH 
APPLICATIONS TO THE MOON 
Bruce Hapke and Hugh Van Horn Repr from J Geophys 
Res v 68. no 15. 1 Aug 1963 p 4545-4570  refs 
(NASA Grant NsG-119-61) 

The reflection laws of a wide variety of surfaces have 
been measured The factors that govern the optical scattering 
characteristics of complex surfaces are discussed and the 
properties of surfaces that scatter light like the moon are 
specified Surfaces of solid rocks. volcanic slags or coarsely 
ground rock powders do  not have the intricate structure neces- 
sary for backscattering light strongly but finely pulverized di- 
electric particles can bui ld extremely complex surfaces that 
can reproduce the lunar scatiering law I t  is concluded that 
the surface of the moon is covered w i th  a layer o f  fine rock 
dust composed of particles of the order of 10-micron average 
diameter and that 9 0  percent of the volume of the surface layer 
is voids Author 

N64-11906 
Goddard Space Flight Center Greenbelt M d  
DUST BOMBARDMENT O N  THE LUNAR SURFACE 
Curt isW M c  Cracken and Maurice Dubin (NASA. Wash Wash- 
ington NASA Dec 1963 25  p refs Presented at the Lunar 
Surface Mater Conf Boston, 21-23 May 1963 Submitted 
for Publication 

National Aeronautics and Space Administration 

(NASA TN D-2100)  OTS $0 7 5  
A porous low-density surface layer. consistent wi th  photo- 

metric and radiometric observations. is  assumed to exist on  the 
moon. and the effects of the impacting dust particles are con- 
sidered The interplanetary particulate material accreted by the 
moon amounts to  approximately 1 gm/cm2 for dust particles 
w i th  masses less than lo4 gm tf the flux has remained con- 
stant during the past 4 5 x lo9 yr This value for the accretion 
rate represents a lower l imit if the flux has decreased appre- 
ciably since the t ime o f  formation of the major lunar surface 
features The porous surface layer acts as a protective covering 
against hypervelocity impacts of small dust particles. and in- 
hibits the production of high-speed spray particles which could 
escape froin the moon The surface layer therefore consists of 
a mixture of lunar and interplanetary material The hyperveloc- 
ity impacts of dust particles constitute an effective mechanism 
for development and maintenance of a dendroid surface layer 
of high porosity and low density Author 

N64-12018 
Geo-Astrophysics Lab 
INFRARED MAPPING OF LUNAR CRATERS DURING THE 
FULL M O O N  A N D  THE TOTAL ECLIPSE OF SEPTEMBER 5. 
1960 
J M Saari and R W Shorthill Ju l  1963 8 3  p refs 

8oeing Scientific Research Labs, Seattle. Wash 

(Contract AF 18(600)-1824) 
(DI-82-0176) 

Infrared measurements were made over certain lunar 
crater regions during the eclipse of September 5. 1960. and 
the full moon Five rayed craters were observed t o  cool less 
rapidly than their environs during the eclipse the anomaly 
being greatest for Tycho and progressively less for Aristar- 
chus. Copernicus. Proclus and Kepler The findings are dis- 
cussed in terms of the thermal properties of the surface. in- 
cluding thickness of insulating layer and age of the craters 
Localized variations were found during illumination. evidently 
attributable t o  variations i n  albedo and geometry Author 

N64-12351 Space Technology Labs Inc Redondo Beach 
Calif 
INSTRUMENTATION FOR A MINERALOGICAL SATELLITE 
Eugene A Burns and R J P Lyon (Stanford Res lnst 1 I19631 
26 p refs Presented at the 14th Intern Astronautical Congr 
Paris 2 5  Sep -1  Oct 1963 
(Partially supported by NASA) 
( I A C  Paper 9 4  Rept 9990  6459 RU-00) 

The theoretical basis operational considerations instru- 
mental constraints feasibility and application of a mineral- 
ogical satellite are discussed From the discussion i t  IS con- 
cluded that the remote infrared spectral measurement of the 
lunar surface wi l l  provide valuable information for mineral- 
ogical and temperature mapping i t  may also introduce a 
method to determine the general particulate structure In- 
strumentation for such a satellite exists in state-of-the-art 
hardware and detection techniques The extension of this 
concept to  other planets is l imited only by the atmospheric 
absorption of infrared energy P V E  

N64-12404 California U , Berkeley Space Sciences Lab. 

MAEUS 
R .  G. Strom and A .  Palm Repr. from Nature. v. 199. no. 4898. 
14Sep. 1963 p 1052-1054 refs 
(NASA Grant NsG-145-61) 

Ptolemaeus is one of several aligned large craters or walled 
plains located along the border of Mare Nubium. The tectonic 
relationships between the Ptolemaean ghost features and 
the lmbr ium radial system suggest that the formation of Ptole- 
maeus may have been contemporaneous w i t h  that of Mare 
lmbrium and that its evolution possibly proceeded in the fol- 
lowing stages: (1) subsidence of a segment of crust contain- 
ing preexisting structures; (2) formation of craters and re- 
lated features within the subsided area: (3) inundation of the 
existing structures by lava and dust; and (4) formation of post- 
lava craters. I .v. L. 

POSSIBLE ORIGIN OF THE LUNAR WALLED PLAIN PTOLE- 

N64-12678 
Air Force Station, Tenn. 
ENGINEERING PROBLEMS IN A LUNAR ENVIRONMENT 
Donald D. Carlson and George M a c  Farlane July 1963 30 p 
refs 
(AEDC-TDR-63- 169; AD-422956)  

The principal characteristics of the cislunar and lunar. en- 
vironments are identified, and the  influences that such environ- 
mental parameters have upon engineering designs applicable 
to lunar operations are outlined. Basic astronomical data and 
some illustrations of typical lunar topography are also included. 

Author 

Arnold Engineering Development Center, Arnold 
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N64-12798 Joint Publications Resorrch Service. Washing- 
ton. D C 
DUST NATURE OF THE LUNAR SURFACE A N D  DETERMIN- 

ALIES 
N S Orlova et  a1 15  Jul 1963 22 p refs Trans1 mto  ENG- 
LISH o f  2 articles f rom Tr Astron Obsorv (Leningrad). no  
307 .1962  p 179-186and234-242 

I N G  FIGURE OF THE EARTH THROUGH GRAVITY ANOM-  

(JPRS-20167. OTS-63-31282) OTS SO 7 5  

C 0 N T E NTS: 
1. SLOPE ANGLES OF LOOSE MATERIALS A N D  HY- 

POTHESES OF THE DUST NATURE OF THE LUNAR SUR- 
FACE N. S. Orlova p 1-9 refs (See N64-12799 04-29) 

2. DETERMINATION OF THE FIGURE OF THE EARTH 
THROUGH ANOMALIES OF THE VERTICAL GRADIENT OF 
GRAVITY S. V. Gromov p 10-19 ref (See N64-12800 04-12) 

N64-12799 Joint Publications Research Service. Washing- 
ton, D.C. 
SLOPE ANGLES OF LOOSE MATERIALS A N D  HYPOTHESES 
OF THE DUST NATURE OF THE LUNAR SURFACE 
N. S. Orlova In irs Dust Nature of the Lunar Surface and Deter- 
mining Figure of the Earth Through Gravity Anomalies 15 Jul. 
1963 p 1-9 refs (See N64-12798 04-01) OTS: $0.75 

Evidenceispresented that dust or other loose cover cannot 
provide a surface whose unevenness would correspond to  the 
photometric relief of the lunar surface. Laboratory experiments 
were performed to determine the angle of natural slope for 
various samples of loose materials (sand. dust, volcanic ash. 
etc.1 heaped into a natural cone. Most  of the materials gave 
slope angles of 25" to  30" ; the greatest value. 45".  was obtained 
for powdered clay. Photographs of natural volcanoes were 
examined to  determine the slope angles of the volcanic cones, 
most ranged from 30' to 35" and none exceeded 45" Models 
w i th  a pi t ted surface whose maximum angles of nonuniform 
slope were equal to 45" were examined at various angles of 
i l lumination: the resulting curves were not similar t o  those 
obtained photometrically for the lunar surface The conclusion 
is drawn that. i f  the angles of natural slope of natural materials 
have the same value under lunar conditions as on  earth, then 
enormous expanses covered by noncemented dry materials do 
not exist on  the lunar surface. M.P.G. 

N64-12876 National Aeronautics and Space Administration. 
Marshall Space Flight Center, Huntsville. Ala. 
TOUCHDOWN DYNAMICS ANALYSIS OF SPACECRAFT 
FOR SOFT LUNAR LANDING 
Robert E. Lavender Washington, NASA. Jan. 1964 39 p refs 

Parametersused in the analysis include the local lunar slope, 
coefficient of friction, ini t ial  touchdown vertical and hori- 
zontal velocity components. vehicle weight and radius of gy- 
ration. height of the center of gravity. displacement of the 
center of gravity from the vehicle's longitudinal axis. thrust of 
stabilization rocket motors. crushing force of energy absorbing 
material in the leg struts, and number of legs. Results show 
that the lunar slope. which was varied up  t o  40 degrees, and 
the coefficient of fr iction have a large effect on  the landing 
gear diBmeter required for touchdown stability. The init ial 
touchdown vertical and horizontal velocity components also 
have a large influence on the required landing gear diameter. 
Variations in the height of the center of gravity, displacement 
of the center of graUity from the vehicle's longitudinal axis, 
vehicle weight and radius of gyration. and crushing force o f  the 
energy absorbing material have less influence on  the landing 

(NASA TN D-2001) OTS: $1.00 

gear design. The uae of a stabilization rocket motor  is  highly 
effective in providing adequate touchdown dynamic stabil ity. 
W i t h  a properly choson scheme for providing motor  ignition. 
tumbling of the vehicle under severe conditions of lunar slope 
and friction can be prevented w i t h  a motor  of relatively low 
total impulse. Author 

N64-13136 Bellcomm. Inc.. Washington. D.C. 
LUNAR LOGISTIC SYSTEM SCIENTIFIC FACILITY 
C. A. Poarse and H. W. Radin 31 Jan. 1963 16 p rofs 

Tho major objective of th is study is  t o  oxamine possiblo 
methods for increasing the overall scientific capability o f  early 
Project Apollo missions, uti l izing a nominal 1500-pound pay- 
loaddelivered by a C1-E, automated &EM. or C - 5  Lunar Logistic 
Vehiclo. O f  the several alternatives considered, tho astablish- 
mant  of a lunar surfaco laboratory i s  found to bo tho  most of- 
h c t i v o  means of onhancing tho oarly scientific capability. Somo 
major advontagea of a lunar surface laboratory aro citad. and 
a balanced group o f  Gr t inent  expeiiments is  p r o p o d .  T h w  
exporimentr aro separatod into t w o  broad categorios: oxpori-' 
ments t o  obtain specific information about the moon. and 
exporiments which us. the moon as a s t a b k  spaco platform 
from which t o  make astrophysical observations. Author 

N64-13334 Boston U.. Mass. 
LUNAR CRATER STATISTICS: THE HIGHLAND REGIONS 
Rosoarch Repoft No. 7. Aug. 1963 
David Friesen Aug. 1963 31 p refs 
(NASA Grant NsG-246-62) 
(NASA CR-55172: Its Chem. Contrib. Ser. 11, No. 25) OTS: 
$3.60 ph. $1.13 m f  

The crater diameter (D)  vs cumulative frequency o f  occur- 
rence (N) for lunar craters can be described by equations of the 
form N = ADB wi th  the constants A.8 empirically determined 
from actual counts of craters. It is found. however. that a single 
set of constants does not adequately describe the cumulative 
distribution function. Two  sets of conatanta are required. their 
average value for a normalized area (loo km)  being: 

(1) D >40 km. A = 30.350. B = -2.392: 
(2) D <40 km. A = 9.035. B = -1.263. 

Author 

N64-13407 Je t  Propulsion Lab., Calif. Inst. of Tech.. Pasa- 
dena 
SPACE PROGRAMS SUMMARY NO. 37-16. VOLUME VI 
FOR THE PERIOD M A Y  1, 1962-AUGUST 1, 1962. SPACE 
EXPLORATION PROGRAMS A N D  SPACE SCIENCES 
31 Aug. 1962 7 9 p  refs 
(NASA Contract NAS7-100)  

$2.57 m f  
Activit ies in  the fo l lowing areas are summarized. ( 1 )  the 

lunar program-Ranger project and Surveyor project: (2)  the 
planetary-interplanetary program-M ariner project and Voyager 
project: (3)  the Deep Space Instrumentation Facility (DSIF). 
and (4) space sciences-lunar studies. planetary studies. and 
solar and interplanetary studies. P.V E 

(NASA CR-53036: JPL-SPS-37-16. VOl. 6)  OTS: $7.60 ph. 

N64-13702 
Washington. D C 
THE M A N N E D  LUNAR BASE 
G A Smith In North American Aviation. Inc Proc of the 
[13th]  Lunar and Planetary Exploration Colloq Vol 3. N o  3 
Nov. 1963 n 3-9 (See N64-13701  05-011 

National Aeronautics and Space Administration. 
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Our nation's current and future space missions may be 
classified as those planned for orbit and for the regions of 
the moon and planets Of primary importance is the establish- 
ment of a manned lunar base for scientific exploration of the 
moon and exploitation of the lunar environment A lunar station 
whether an Apollo stay-time extension or a permanent or 
semipermanent base. could also provide essential data and 
support for future. more complex planetary expedit ions 
Studies have been conducted to determine the life-support 
requirements and special facilities, including transportation. 
communication. and power necessary to  maintain such a base 
A review is made of the current thinking among qualified scien- 
tists regarding man's role in lunar and planetary exploration It 
is generally concluded that the immediate training of scientist 
astronauts is necessary to  achieve and maintain pre eminence 
in space Author 

NU-13704 Space Technology Labs.. Inc.. Los Angeles. 
Calif. 
THE LUNAR ATMOSPHERE A N D  ITS RELATIONSHIP TO 
THE SOLAR W I N D  
W. Bernstein. R .  W. Fredricks. and J .  L. Vogl I n  North American 
Aviation. Inc. Proc. of the [13thl  Lunar and Planetary Explora- 
t ion Colloq., Vol. 3. No. 3. Nov. 1963 p 15-21 refs (See N64-  

Several possible lunar model atmospheres and ionospheres 
are computed: the gases considered are hydrogen. nitrogen. 
neon, argon, krypton. and xenon. The contributions from the 
lunar surface and the solar w ind  are discussed. Various atmos- 
pheric loss processes as a result of the solar wind interaction. 
including scattering. electrostatic acceleration. and magnetic 
f ield attachment. are included. The reasonable model atmos- 
pheres are in agreement w i t h  estimates of the density derived 
from radio-astronomy measurements. Author 

13701 05-01) 

N64-13705 Jet Propulsion Lab Calif lnst of Tech Pasa 
dena 
THE PHYSICAL NATURE OF LUNAR SURFACE MATERIAL 
Albert R Hibbs In  North American Aviation Inc Proc of the 
113thl Lunar and Planetary Exploration Colloq Vol  3 N o  3 
Nov 1963 p 23-28 refs (See N64-13701 05-01) 

The fraction of lunar material which has not been subject 
to  melting and that fraction which has been subject t o  vapor- 
ization and redeposition as a result of impacts (even if origi- 
nally solidified from a melt)  should be deposited on the surface 
of the moon in the form of whisker crystals or needles This 
result was indicated by laboratory experiments on the conden- 
sation of material from a vapor to  a solid phase in  a region 
of pressure and temperature that precludes a l iquid phase and 
that would apply t o  material condensing from the vapor to  a 
solid phase on the surface of the moon or generally in  inter- 
planetary space Author 

N64-13706  Lockheed-California Co , Burbenk 
THE SHAPE OF THE M O 0 N : A  SPECIAL REPORT 
L b r m o r e  In Nor th  American Aviation. Inc Proc of the 
113thl Lunar and Planetary Exploration Colloq . Vol 3. No 3 
Nov 1963 p 29-30 (See N64-13701 05-01) 

To determine the shape of the moon, t,wo annular eclip- 
ses were photographed The first occurred July 31 1962 
Seventeen photographs were taken from a site about 100 
miles east of Dakar in  northern Africa The second occurred 
January 25. 1963 It was photographed fully from a site 
about 600 miles f rom Johannesburg in southern Afr ica 
Equipment included a heliostat and a 55-11 focal length mir-  
ror Author 

N U - 1 3 7 0 7  North American Aviation. Inc . Downey Calif 
Space and Information Systems Div 
CONCEPTS OF EASE CONSTRUCTION O N  THE M O O N  
George W. S Johnson In 11s Proc of the l13th l  Lunar and 
Planetary Exploration Colloq Vo l  3 No  3 Nov 1963 p 31- 
37 refs (See N64-13701 05-01)  

A lunar base wi l l  be used.for exploration and for equip- 
ment development and testing It wil l be the forerunner of future 
bases on the planets or their satellites As  such. it should 
develop techniques for l iving-off-the-land thus reducing lo- 
gistical supplies from earth Examining the functions indicates 
that the base must be dispersed over an area of several miles 
thus requiring a manned surface vehicle A power or energy 
source. may be the pacing i tem in base utilization Ore-proces- 
sing equipment for obtaining water. and subsequently hydrogen 
and oxygen by electrolysis. is probably of next importance 
However. more knowledge about the lunar surface is urgently 
needed to  make meaningful design studies of lunar bases 

Author 

N64-13708 
THE IMPLICATIONS OF WATER A S  A LUNAR RESOURCE 
Peter E. Glaser. Alfred E. Wechsler. and John W.  Salisbury 
(AFCRL) In  North American Aviation, Inc Proc. of the 113thl 
Lunar and Planetary Exploration Colloq.. Vol. 3, NO. 3 NOV. 
1963 p 39-53 refs (See N64-13701 05-01) 

Lunar water deposits, when economically exploited. can 
play an important role in the logistics of space exploration. 
Evidence is given t o  support the existence of surface and sub- 
surface water deposits. The physical properties of possible 
water deposits are discussed. and their influence on possible 
recovery methods is indicated. Energy sources and water ex- 
traction processes are categorized as: ( 1 )  in situ processes w i t h  
direct application of heat: (2) in si tu processes requiring re- 
mote power sources: (3)  in situ processes requiring no  primary 
energy sources: and (4) processes using mined deposits. The 
utilization of nuclear and solar energy for these processes is 
considered. Author 

Litt le (Arthur D . )  Inc.. Cambridge, Mass 

N64-13709 Texas Instruments. I nc .  Dallas 
EXPLORATION FOR LUNAR WATER DEPOSITS 
J. R .  Van Lopik and K Westhusing In  North American Avi-  
ation, Inc. Proc of the 113thl Lunar and Planetary Exploration 
Colloq.. Vol. 3. No. 3 Nov. 1963 p 55-63 refs (See N64-  

The locating of lunar water deposits is crit ical t o  any ex- 
tensive. lunar-based program of scientif ic investigation in  
space. Exploration for water on the moon wi l l  use tools of 
terrestrial exploration. both contact and noncontact techniques, 
which wi l l  generate "converging" data t o  delineate deposits. 
Techniques which hold particular promise for work in either 
lunar meteorite or volcanic terrains are: multiband remote- 
sensing techniques 1e.g.. visual. infrared, and radar). and the 
on-surface geophysical methods. such as electrical resistivity. 
nuclear activation. gravity-magnetic traversing. and seismic 
profiling. Author 

13701 05-01) 

N64-13710 Douglas Aircraft C o .  Inc Santa Monica Calif 
SOME ASPECTS OF LUNAR SOIL BEHAVIOR 
J A Ryan I n  North American Aviation. Inc Proc of the [13th] 
Lunar and Planetary Exploration Colloq . Vol 3 N o  3 Nov 
1963 p 65-71 refs (SeeN64-13701 05-01) 

The possible effects of vacuum upon soil behavior are dis- 
cussed Emphasis is-given t o  the role the lunar soil may play 
in a lunar basing operation It is  concluded that the lunar soil 
may behave in  a manner unlike that of any terrestrial soil 

37 
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Hence, caution must be exercised in the choice of  the terrestrial 
soil-mechanics equations wh ich  may adequately describe this 
soil’s behavior In addition. it IS concluded that possible adhe- 
sion between the soil and engineering materials poses a serious 
problem to any lunar basing operation Author 

N64-13712 North American Aviation. Inc , Downey. Calif 
Space and Information Systems D iv  
SOME LUNAR RESOURCES 
Jack Green In  11s Proc of  the I13thl  Lunar and Plenetary EX- 
ploration Colloq Vol 3. NO 3 NOV 1963 p 83-95 refs 
(See N64-13701 05-01) 

Volcanic terrains offer more survival advantages in lunar 
basing than impacted terrains Therefore calderas should be 
sought on the moon regardless of  whether they occupy 1 per- 
cent or over 95  percent of  the lunar surface Such volcanic 
areas would contain easily worked materials such as non- 
welded tuf fs or lava tubes forthousing or protection Rock 
types suitable for casting purposes may be found on the lunar 
maria Volcanic rocks wou ld  be variably hydrous but on the 
average wetter than meteorite rocks Epithermal logging tech- 
niques wou ld  be valuable in locating hydrous deposits es- 
pecially in topographically l o w  portions of volcanic basins 
Mineralization in quantities realistic for lunar basing purposes 
is found in volcanic terrains and includes sulfur alunite pyrite 
and other hydrothermal products Subsurface heat useful in 
lunarbasing would be l ikely in certain lunar calderas volcanoes 
or in recent fracture zones that ray patterns may represent 

Author 

N64-13928 Boston U . Mass 
INTERSECTIONS OF LUNAR CRATERS Research Repon 
No. 6 
David Friesen Sep 1963 12  p refs 
(NASA Grant NsG-246-62) 
(NASA CR-55274) OTS S1 60 ph. $0 80 mf  

A n  examination was  made of the intersection frequency 
of  lunar craters by other craters for both large and small craters 
in the highland region A theoretically expected frequency was 
calculated and compared w i t h  the actual frequency measured 
from the Boston University Catalog of Lunar Craters A close 
agreement was found between the calculated intersection 
frequency and the actual frequency R T K  

N64  14276 Bosioii U Mass 
CATALOG OF LUNAR CRATERS Ill Research Report N o  8 
Gt’tdlc S Hawkiiia and Peter W Mitchell Nov 1963 26 p 
I C f S  

(NASA Grant NsG 246 62) 
INASA C R  55295 / t s  Astronomical Contributions Sei 2 no 
,?Bi O T S  .s2 60  pn $0 98 mf 

The selenographic coordinates of all craters observable 
o n  a selected portion of the moon s surface are given together 
wi th the diameter of the craters and comments on their 
shape The section studied was a strip on sheet C 7 a of the 
Photographic Lunar Atlas (Kuiper 19601 The position found 
in the present series of  measurements is given along with 
the name adopted by the International Astrononiical Union 

c L W  

N64-14281 Boston U , Mass 
REVISED CATALOG OF LUNAR CRATERS II Research Report 
No. 11 
Gerald S Hawkins and Peter W Mitchell Nov 1963 25  p refs 
[NASA Grant NsG-246-62) 

(NASA CR-55297 I t s  Astron Contrih Sei 2 no 281 O T S  
$2  60 ph $0 95 mf 

This catalog gives the selenographic coordinates of all 
?raters observable on a selecled portion of the moon’s sur- 
face The diameter of the crater together w i th  comments on 
the shape is also given Approximately 15 percent o f  the 
craters have been measured previously by other observers The 
Lraters postions found in the present series of measurenients 
niid the name adopted by the International Astronomical Union 
are presented R T  K 

N64-14282 Boston U Mass 
REVISED CATALOG OF LUNAR CRATERS I Research Report 
N o  10. November 1963 
tierdld S Hawkins and Peter W Mitchell 119631 25  p refs 
(NASA Grant NsG 246 62) 
INASA CR-55296) OTS $2 6 0  ph $0 95  mf 

This catalog gives the selenographic coordinates of all 
craters ohservable on a selected portion of the moon s surface 
The portion studied was a strip on sheet C 5 a of the Photo- 
graphic Lunar Atlas (Kuiper 1960) The diameters of the 
cr,iter\ and comments concerning their shape are given The 
position of the geometrical Tenter of the crater r im IS also 
qiwcn If  the rim is raised above the mean level of the moon 
then the mcasured center is displaced toward the l imb of the 
moon This displacement in general is less than 1 km and IS 

ieyliqible compared to the uncertainity of defining the rim for 
I V L  d la rqe  crater 

N64 14359 New MPXILO State U University Park 
PLANETARY A N 0  LUNAR RESEARCH I N  THE PHOTO 
GRAPHIC INFRARED, VISIBLE A N 0  ULTRAVIOLET Semi 
Annual Report N o  5. 1 Apr -30 Sep 1963 
Clyde W Toinbauqh O L ~  1963 5 p 
i G t d i i l  DA AROID) 31 124 G41i OTS S l  10 
(AD 4283921 

A< tivities dealinq wi th the observation of Venus Mars J u  
Iiiler and Saturn are discussed P V E  

N64  14841 California U . Berkeley Space Sciences Lab 
O N  OBSERVATIONS OF LUNAR MAGNETIC STORMS 
A Palm and S Silver 9 Jan 1964 5 p refs 
(NASA Grant NsG 243-62) 
(NASA CR 55433 I t s  Ser 5. Issue 31 OTS $1 10  ph $G 80 
nif 

Consideration is given to a plan for obtaining informdtion 
on geomagnetic phenomena through the stationing of plasma 
detectors on the moon Several types of magnetic disturbances 
are described in order to  demonstrate possible differences be- 
tween selenomagnetic and geomagnetic storms caused by iden- 
tical solar events Primary factors are separated from secondary 
effects due to the earth’s environment by coirelating recordings 
of terrestrial magnetic fluctuations and of lunar plasma probes 
and magnetometers A single base stationed on the moon for 
this purpose provides the longest period of t ime during which 
a given solar event and its developments can be examined con- 
tiriuously and simultaneously by optical radiometric and magne- 
tometric methods C L W  

N64-15175 General Mi l ls  I i ic Minneapolis Minn  E l e ~  
tronics Div 
MODIFICATION OF THE LUNAR SURFACE BY THE SOLAR- 
W I N D  BOMBARDMENT 
G K Wehner C E Kenkniyht and D Rosenberg Repr from 
Planet Space S r i  v 11 1963 p 1257 1261 refs 
[NASA C(intract NASw 4241 
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N 64 

Long duration solar w ind  sputtering conditions were 
simulated at a much accelerated scale w i th  mass separated 
hydrogen ion beams or in low pressure noble gas or hydro 
gen plasmas Experinients w i t h  metal targets and metal 
oxide and rock powder samples demonstrate the leveling 
and smoothing of macroscopic surface features and cement 
ing together of loose particles into a porous brittle fibrous 
crust Certain oxide surfaces become enriched w i th  metal 
atoms under the bombardment and sputtering action I t  is 
concluded that many of the unusual properties of the lunar 
surface can be explained by the action of solar wind born 
bardment Author 

N64-15183 California U Los Angeles lnst o f  Geophysics 
and Planetary Physics 
THE INTERNAL CONSTITUTIONS OF THE IMMER PLANETS 
A N D  THE M O O N  
Gordon J F Mac Donald In i t s  Notes for the Summer Inst in 
Planetary Phys 1963 155 p refs (See N64  15182 07  01) 
OTS $ 2 1 0 0 p h  $ 1 1 0 3 m f  

Theinternal structures of the Moon Mars Venus and Mer 
cury are examined in the light of what is known about the con 
stitution of the Earth The gravitational figure of the Earth as 
obtained from orbits of artificial satellites is used to estimate 
the possible deviations from hydrostatic equilibrium on other 
planets Observations of the orbital and rotational motion of 
the Moon are consistent w i th  the hypothesis that the interior 
of the Moon supports density inhomogeneities of the same 
order as those supported by the Earth The surface heat f low 
for the Earth is consistent w i th  the hypothesis that the con 
centration of radioactive elements is the same as that in chon 
dritic meteorites The observed ratio of potassium to uranium 
in surface and near surface rocks is not consistent w i th  the 
chondritic hypothesis I t  is concluded that a chondritic compo 
sition is not a satisfactory chemical model for the inner planets 

R T K  

N64  15186 Ohio State U Research Foundation Columbus 
Antenna Lab 
THEORETICAL A N D  EXPERIMENTAL ANALYSIS OF THE 
ELECTROMAGNETIC SCATTERING A N D  RADIATIVE PROP 
ERTIES OF TERRAIN, WITH EMPHASIS ON LUNAR LIKE 
SURFACES Semi Annual Report, 1 May-31 Oct 1963  
1 Nov 1963 2 6 p  refs 
(NASA Grant NsG 213  61) 
(NASA CR 55545 Rept 1388 12) OTS $2 6 0  ph $ 0 9 8  mf 

Relations between the electromagnetic scatterinq prop 
erties of a surface ( in particular the lunar surface) and its 
surface structure were examined Measurements of the L o r n  

plete bistatic scaltering pattern of a number of rough surfaces 
were carried out dt  X band Theoretical studies have been 
made of the polarization transformation properties of rough 
surfaces and these have been used to  interpret lunar scatter 
ing measurements made w i t h  linear polarization Other 
studies of the lunar scattering problem have been concerned 
w i th  the relation between spectrum and angular dependence 
(for CW scattering experiments) and w i t h  the correlation prop 
erties of the scattered signal (for t w o  frequency scattering 
experiments) Author 

N64-15196 Minneapolis-Honeywell Regulator Co M inn  
Military Products Group 
PRECISION DETERMINATION OF THE POSITION OF THE 
CENTER OF THE MOON‘S M A S S  FROM PHOTOGRAPHIC 
OBSERVATIONS 
N F Bystrov 119621 13  p refs Transl into ENGLISH of an 

article from Astron Zh (Moscow) v 3 9  no 3 p 527-531 
(MH Transl 401) 

Factors that influence the precision of the photographic 
determination of coordinates of the center of the moons  
mass are investigated The results of visual and photoelectric 
measurements of photographs of the moon are compared A 
method is proposed for obtaining the position of  the center 
of the moon s mass relative t o  details on the disk Author 

N64-15284 
Goddard Space Flight Center Greenbelt. Md 

John A 0 Keefe In Georgetown U , Washington D C Re- 
cent Advances in Astro-Geophysics I19611 p 60-65 (See 
N64-15276 07-01) 

A review of theories concerning the origins of tektites 
is  presented The conclusions that may be made concerning 
the moon as a place of origin for the tektites are included 

R T K  

National Aeronautics and Space Administration 

‘TEKTITES AND THE MOON 

N64 15285 Naval Observatory Washington D C 
LUNAR MAPPING PROBLEMS 
Chester B Watts In Georgetown U Washington D C Re- 
cent Advances in Astro-Geophysics [ 1 9 6 l l  p 66 -69  refs 
(See N64  15276 0 7  011 

Maps of the m o o n s  surface have been in existence for 
a long period of t ime showing the locations of  physical fea- 
tures in a system of spherical coordinates Measures o f  the 
elevation of the features have also been obtained but. in 
general w i th  respect only t o  neighboring points The lack 
of a datum analogous to  the surface of  the oceans of  the 
earth has presented a serious obstacle t o  further progress 
The means available for solving this problem and the con- 
ditions affecting it are reviewed R T K  

N64-15538 Boston U Mass 
CATALOG OF LUNAR CRATERS V 
Gerald S Hawkins Peter W Mitchel l  and David D Friesen 
Dec 1963 19 p refs 
[NASA Grant NsG-246 62) 
(NASA CR-55547 Res Rept 131 OTS $1 60 ph. $080 rnf 

This catalog gives the selenographic coordinates of all 
craters observable on a selected portion of the moon s sur- 
face The diameter of the crater together w i t h  comments on 
shape is also given Approximately 25  percent of the craters 
have been measured previously by other observers The catalog 
gives the position found in the present series of measurements 
and the name adopted by the International Astronomical 
Union Author 

N64-15876 General Motors Corp Santa Barbara Calif De 
fense Research Labs 
AN INVESTIGATION OF THE PHENOMENA OF IMPACT 
FLASH AND ITS POTENTIAL USE AS A HIT  DETECTION 
AND TARGET DISCRIMINATION TECHNIQUE 
J W Gehring and R L Warnica Apr 1963 55  p refs Presented 
at the 6th Hypervelocity Impact Symp Cleveland Apr 3 0  May 
2 1963 
(NASA Contract NAS7 100 JPL Contract 950299 and 
AF081635 2783) 

The results of an experimental research program t o  provide 
data on the impact radiation associated w i th  the collision of a 
projectile and a target are presented This paper analyzes the 
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phenomenon of  impact flash and examines its potential use in  
two  areas (1 )  estimation of the impact ftash likely to  be ob 
served o n  impact of a lunar probe on the moon s surface and 
correlation of impact flash measurements made of an actual 
lunar impact with physical characteristics of the lunar surface 
and (2) selection of hypervelocity impact flash phenomena 
which may be remotely observed and which could provide sig 
nificant information for determining the occurrence of  a collision 
the damage !nflicted upon the target (satellite ICBM decoy 
etc ) and possibly the identification of  the target material 

Author 

N64-15891 General htills Corp Minneapolis Minn Elec- 
tronics Div 
INVESTIGATION OF SPUTTERING EFFECTS O N  THE 
N OON'S SURFACE Third Quarterly Status Report. 2 5  Oct  
1963-24 Jan 1964 
G K Wehner D L Rosenberg and C E KenKnight 12 Feb 
1964 2 1  p refs 
(NASA Contract NASw 751 Pro] 89308) 
(NASA CR 55720 Rept 2527) OTS $2 60 p h  $0 8 3  m f  

Experiments to investigate the influence of  bombardment 
of the lunar surface by the solar wind were continued Darken 
ing of basalt powder surfaces as a function of energy and 
duration of hydrogen ion bombardment has been determined 
Reflection curves for complex solid mineral surfaces before 
and after bombardment have been measured The hole drill ing 
method of determining sputtering yields has been extended to  
the oxides of A I  T i  and Fe Author 

N64-15896 Texaco Experiment Inc Richmond Va 
A THEORETICAL STUDY OF THE PROPAGATION AND AT- 
TENUATION OF ACOUSTIC WAVES IN THE LUNAR SUR- 
FACE Interim Report 
R L Wolf and R E Canup 9 Feb 1962 12 p 
(NASA Contract NAS7 100) 
(NASACR 55413 EXP 387 T M  1325) OTS $ 1  6 0 p h  $ 0 8 0  
mf  

Computations were made of the decrease in displacement 
of waves with frequencies from 25 to 3500 cps in passing 
through an attenuating medium The usual attenuation equa 
tions were used with constants that have been determined by 
seismological experiments Calculations were made at 2- f t  
intervals for 2 to 20 ft of wave travel Author 

N64-15900 Boston U Mass 
CATALOG OF LUNAR CRATERS IV 
Gerald S Hawkins Peter W Mitchell and David D Friesen 
12 Dec 1963 21 p refs 
(NASA Grant NsG 246  62) 
(NASA CR 55536 Res Rept 12) OTS $2 60 p h  $ 0 8 3  m f  

This catalog gives the selenographic coordinates of lunar 
craters The diameters of the craters together w i t h  comments 
on shape, are also given Approximately 25  percent of the 
craters have been measured previously by other observers The 
catalog gives the positions found in the present series of 
measurements and the name adopted by the International 
Astronomical Union R T K  

"-15924 California Inst of Tech Pasadena 
NEW MEASUREMENTS OF STEEP LUNAR SLOPES 
Howard A Pohn Repr from Pub1 Astron SOC Pacific v 75  
n o 4 4 3  Apr 1963 p 186-187 refs 
(NASA Grant NsG-56-60) 

A report is presented of investigations of  the moon from 
phase angles of -25" t o  +25".  using the Mount  Wi lson 60-inch 
telescope These studies have yielded high values for the 
steepness of lunar crater slopes A group of  19  craters was 
selected so as t o  give a maximum distribution in latitude and 

'longitude. and the measurements made of these craters are 
included R T K  
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1963 
A6510116 
THE INTERNAL CONSTITUTION O F  THE MOON. 
Zdenek Kopal (University of Manchester,  Dept. of Astronomy, 
Manchester.  England).  
(ARS. Lunar Missions Meeting. Cleveland, Ohio. July 17-19, 1962. ) 

Planetary and Space Science.  vol. 9, Oct. 1962, p. 625-638. 46 r e f s .  

of the Moon. I t  1s concluded that the relatively low mean density 
of the lunar globe suggests that the Moon is approximately of the 
same composition a s  the t e r r e s t r i a l  mantle, but i s  e i ther  deficient 
in iron, o r  enriched with some common low-density substance. 
The mass  of the Moon is in a s ta te  very close to hydrostatic equi- 
l ibrium, but deviations f r o m  it a r e  significant. Radiogenic heat 
produced by a spontaneous decay of long-lived radioactive elements  
should have raised the present  temRerature of the bulk of the lunar 
mass  to a t  l ea s t  1, OOOOK even if the Moon originated a s  an initially 
cold body. Moreover,  these temperatures  should at  present  st i l l  
be rising. The conductive temperature  gradient created by radio- 
genic heating exceeds the adiabatic gradient of molten rocks by a 
factor  of 10-100 in the g rea t e r  pa r t  of the interior,  rendering i t  

a lmost  cer ta in  that slow convection cu r ren t s  (with velocit ies gene r -  
ally less than I c m / y r )  will provide at least  a s  effective a means 
of ouhvard heat t ransport  a s  conduction o r  radiatlon. 
considerations Indicate, moreover ,  that stable convection flow can 
develop only for pat terns  character ized by spherical-harmonic sym- 
me t ry  of very high o r d e r .  This  flow i s  probably the main cause for  
the distribution of m a s s  inside the Moon deviating f rom hydrostatic 
equilibrium, a s  evidenced by the motion of the Moon. The observed 
disparity in distribution of the lunar mar i a  between the ncar  and f a r  
slde of the Moon i s  a l so  likely to be due to this cause.  Should the 
newly-formed Moon have contained a sufficlent proportion of such 
short-l ived radioactive elements  as 1129, Pd107, o r  AIZ6 to melt  i t  
completely in the f i r s t  10 million yea r s  of i t s  existence. convective 
coollng would have been capable of bringing about solidification in a 
comparable period of t ime. The secular  heating should, moreover,  
have been accompanied by a gradual escape of volatile e lements  o r  
compounds from the inter ior .  
such p rocesses  a r e  briefly discussed. 

Survey of present  knowledge concerning the internal s t ructure  

Theoretical  

Observable surface manifestations Of 

A63-10221 
EVIDENCE FROM THE MOON'S SURFACE FEATURES FOR THE 
PRODUCTION O F  LUNAR GRANITES. 
John A. O'Keefe and Winifred Sawtell Cameron (NASA. Goddard 
Space Flight Center ,  Greenbelt ,  Md. ) 
Icarus.  vel. 1. Oct. 1962, p. 271-285. 

A consideration of the evidence for granit ic rocks f rom the 
morphology of the Moon's  surface.  
of the Moon's visible f a c e  with respect  to the center of m a s s  i s  

considcred evidence of the existence of lunar isostasy. 
f o r  character is t ic  grani te  landforms. including thololds and lac- 
collths, i s  summarized.  
the Moon's su r f acc  docs not contradict  the notion of the presence 
of l a rge  amounts of acid rock there. 

38 refs.  

The displacement of the center 

Evidence 

It i s  concluded that the morphology of 

A63-10263 
AN ATLAS O F  THE MOON'S FAR SIDE: 
NAISSANCE. 
Edited by N. P. Barabashov(Khark0v University Observatory.  USSR). 
A. A. Mikhailov (Pulkovo Obscrvatorv.  USSRI. and lu. K, Lipskii 
(Moscow University Sternberg A ~ t r o n o m i c a l  Institute. USSR).  
New York, Interscience,  1961. 187 p. 
$7.00. 
Translation of: ATLAS OBRATNOI STORONY LUNY. Moscow, 
Akademlra Nauk SSR.  1960. Translalcd by R .  R .  Rodman (f4arvard 
College Observatory).  

Presentat ion of 20 plates conraining 30 pictures of the hidden 
side of the Moon. These represent  the best negatives obtained b)' 
the Soviet space probe. 
Moon's far  side. a catalog of 498 lunar formations identified. and 
an account of the working mrrhods used in the analysis of the 
photographs. 

THE LUNIK ILI RECON- 

Included a l so  a r e  the definitive map of the 

A63-10272 
LAND LOCOMOTION ON THE SURFACE O F  PLANETS. 
M. G. Bekker (General Motors Corp. ,  Santa Barbara,  Calif .)  
IARS, Space Flight Report  to the Nation. New York, N.Y.,  Oct. 
9-15, 1961.) 
ARS Journal ,  vol. 32, Nov. 1962, p. 1651-1659. 63 r e f s .  

Definition of some fundamental land-locomotion princlples 
and a presentation of methods of approach to the solution of locomo- 
tion problems that might exis t  on ex t r a t e r r e s t r i a l  bodies, par t icu-  
larly on the Moon. It is shown that the performance of a locomotion 
system depends on two se t s  of factors :  
tionship that exis ts  in a given t e r r a in ,  bothin the ver t ical  and hori-  
zontal directions,  and (2) the surface geometry of the t e r r a in  under 
Consideration. Equations combining the pertinent t e r r a in  and loco- 
motive system character is t ics  a r e  derived, which permit  calcula- 
tion of performance c r i t e r i a  such a s  thrust ,  motion resis tance.  
sinkage, and slope-climbing ability. P rob lems  of obstacle c r o s s -  
i n g .  moving on lunar rocky t e r r a in ,  as well  as experimental  work 
on soil-vehicle systems a r e  discussed. 
ed methods i s  demonstrated on examples based on assumed lunar 
soil propert ies .  

A63-10526 
LUNAR SURFACE ROUGHNESS FROM CRATER STATISTICS. 
C. D. McCillem and B. P. Miller (General Motors  Corp. ,  Defense 
Research Laborator ies ,  Santa Barbara,  Calif. ) 
Journal of Geophysical Research,  vol. 67, Nov. 1962, p. 4787-4794. 

Compilation of s ta t is t ical  data on the s ize  distribution of 
craters  in the range of sizes  visible on lunar maps and photographs. 
These data a r e  extrapolated to the sma l l e r  s izes  to make an est i -  
mate of the relative frequency of sma l l e r  craters .  I t ' i s  found that 
cumulative c ra t e r - s i ze  distribution in the visible range of s i zes  
may be approximated by the law N = AD-B, whr re  N i s  the number 
of c r a t e r s  having diameter  g rea t e r  than D, and A and B a r e  con- 
stants. The coefficient A depends upon the total number of c r a t e r s  
per unit a r ea .  varying from about 1,400 for the mar i a  to 30.000 
for the highland reg'ons whcn D i s  rncdsurerl i n  k i lometers  and N 1s  

i n  c r d t r r s  per  106 km2. i t  i s  iound that thc exponent R I S  
reasonably independent 01 location on the lunar surface,  having a 
value of about 1. 6. 
nt>t i n o r e  than 0 .2% of the surface of the m a r i a  i s  covered by c r a t e r s  
i n  the diameter  ranyc of one to 100 m. and thdt even in the high- 
lands, this size  range rove r s  less than 6. 4% of the arca.  
\rnuld appear that m o h ~ l i l y  of vrhiclcs I S  n o t  Iikcly to bv jeopardized 
1,: t h < . a t .  < rdters .  

(1) the s t r e s s - s t r a in  r e l a -  

The potential of the deve lop  

However. 

Extrapolation using this expression shows that 

Thus i t  

A63-10529 
ENfLANCEMEN'T OF RADAR REFLECTIVITY ASSOCIATED WITH 
TFlt.: LUNAP. CRATER TYCHO. 
G. tl. Pettengill  and J. C. Henry (Massachurct ts  Institute of 
Technology, Lincoln Laboratory,  Lexingtnn, Mass.  ) 
Journal of Geophysiral  Rrsearch.  vol. 67, Nov. 1962, p. 4881-4885. 

crater ,  Tycho. An unusually strong echo lids been observed from 
the region of the c ra t e r .  
MIT is analyzed. 

Discussion of some resul ts  of r ada r  observation of the lunar 

Data supplied by tlic Millstonc r ada r  of 

A63-10701 
DETERMINATION O F  THE POSITION OF THE MOON'S CENTER 
OF MASS FROM PHOTOGRAPHIC OBSERVATIONS. 
N. F. Bystrov (Academy of Sciences,  Central  Astronomical Ob- 
servatory,  USSR. ) 
(Astronomicheskii Zhurnal. vol. 39, May-June 1962. p. 527-531. ) 
Soviet Astronomr,  vol. 6, Nov. -Dec. 1962, p. 412-415. 
lation. 

graphic determination of the position of the  Moon's  center  of mass.  
The precis ion of visual and photoelectric measu remen t s  of the  
Moon's l imb i s  compared. 
the position of the center  of m a s s  relat ive to details  on the lunar 
disk. 

T rans -  

Discussion of the factors  affecting the accuracy of the photo- 

A method i s  suggested for obtaining 

A63-10111 
THE CHEMISTRY O F  THE LUNAR SURFACE. 
Michael H. Briggs (Victoria University,  Dept. of Chemistry,  
Wellington, New Zealand). 
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Brit ish Interplanetary Society, Journal,  vol. 18, July-Aug. 1962, 
p. 386-389. 40 refs. 

Discussion of the possible chemical evolution of the lunar 
surface,  and a review of the evidence f o r  the presence of organic 
ma t t e r  on the Moon. I t  is suggested that the primitive Moon 
possessed an extensive reducing atmosphere,  which was lost  slowly 
and was  replaced to some extent by a secondary atmosphere 
composed of gases  leaking through the surface.  
a f t e r  about 109 years the atmosphere and hydrosphere were 
completely lost ,  and exposed organic mat ter  b e c a n e  cha r red  and 
incorporated into sediments. 
become buried by meteoritic dust  and may sti l l  survive.  While the 
l ifetime of the lunar a tmospheres  appears  too short  for life to have 
originated,  this possibility cannot be ruled out, although the 
survival of any of these hypothetical organisms to the present  day 
seems  unlikely. The hypothesis that the Moon possessed an  
extensive hydrosphere and atmosphere,  and hence sediments,  i s  
compatible with a lunar origin of tekti tes.  

It i s  believed that 

Some organic mat ter  may have 

A63-10012 
SURFACE ROUGHNESS O F  THE MOON. 
H. S. Hayre (University of New Mexico, Electr ical  Engineering 
Dept., Engineering Experiment Station, Albuquerque, N. M.) 
Bri t ish Interplanetary Society, Journal,  vol. 18, July-Aug. 1962, 
D. 389-391. 15 refs.  
Grant  No. NsG 129-61. 

with existing lunar radar  cross-sect ion data in o rde r  to define the 
word "rough" in  terms of the s ta t is t ical  propert ies  of a s-irface.  
I t  i s  siiggested that the angles  of incidence for study of r ada r  re turn 
f rom the Moon's surface should be divided into three approximate 
ranges: 00-3O, 3O-15O. and 1So-9O0. The r ada r  c r o s s  section is 
then analyzed in each range of angles to es t imate  the o rde r  of 
roughness of the Moon' s surface.  Moore 's  separation technique 
fo r  specular and scatter components is used to obtain a quantized 
description of almost smooth and rough terrains .  The r e su l t s  so 
obtained a r e  then compared with Evans'  definition of a rough sur  
surface.  

Correlat ion of the Davis-Moore-Hayre model for  rough t e r r a in  

A63-10902  
ERRORS IN THE MEASUREMENT O F  THE TEMPERATURE OF 
THE MOON. 
Eugene A. Burns and R. J.  P. Lyon (Stanford Research Insti tute,  
Physical  Sciences Dept., Propulsion Sciences and Space Science8 
Div., Menlo Pa rk ,  Calif. ) 
Nature,  vol. 196, Nov. 3, 1962, p. 463, 464. 

ar is ing from the black-body concept of lunar emissivity of Pett i t  
and Nicholson. and from the calculation of temperature  using 
Stefan 's  law. Inductive e r r o r s  caused by use of relatively 
imprecise  equipmcnt in the 1930 experiments a r e  pointed out, and 
more contemporary information i s  applied in discussing the nature 
and amount of e r ro r .  

Suggestion of e r r o r s  in temperature  measurements  of the Moon 

A63-10909 
DIMENSIONAL CORRELATION OF LUNAR MARIA AND TERRES- 
TRIAL OCEAN BASINS. 
J. J. Gilvarry (General Dynamics Corp., Astronautics Div., 
Space Science Laboratory, San Diego, Calif.) 
Nature,  vol. 196, Dec. 8. 1962. p. 975. 976. 

Correct ion of a difficulty in previously determined correlation 
curves for lunar craters  foimed explosively in water.  The curves 
represent  a study of the correlat ion of diameter vs  depth fo r  lunar 
c r a t e r s  of different apparent ages .  and include the lunar maria .  
The correlat ion,  later extended to the t e r r e s t r i a l  ocean basins,  
a s sumes  the former presence of a lunar hydrosphere lasting some 
mil l iards  of yea r s ,  affecting the relative dimensions a t  c r a t e r  
formation. 

A63-11000 
THE STRUCTURE O F  THE MOON'S SURFACE AND A STUDY O F  
THE FIRST PHOTOGRAPHS O F  ITS REVERSE SIDE. 
N. P. Barabashov. 
(Iskusstvennye Sputniki Zemli.  no. 9, 1961, p. 56. ) 
Planetary and Space Sciencel vol. 9,  Nov. 1962, p. 835-810. 
19 refs.  Translation. 

Analysis of data on the s t ructure  of the su r face  of the Moon 

The 
obtained by telescopic observations as long ago as 1918, and by the 
October 1959 photographs of the r eve r se  side of the Moon. 
main an? most  noticeable character is t ics  of the lunar surface a r e  
i ts  low reflective power and the sma l l  difference in the color of the 
various sections of its surface.  It is found that the greatest  gradation 
of  i ts  albedo(the rat io  of thealbedo of thedarkest  places of the lunar 
su r face  to the brightest at full-moon) is  1 : 3.16. i n  additlon to 
which the brightest regions of the Moon's surface have a luminosity 
of 0. 180, and the darkest  reglons a luminosity of 0. 052. 
examination of the processed photographs it i s  concluded that the 
r eve r se  side of the lunar surface d i f f e r s  from the side which i s  
visible f r o m  Earth,  in that it i s  covered with a multitude of c r a t e r s ,  
but there  a r e  very few seas .  
invisible par t  of the Moon is considerably increased. 
of many of the c r a t e r s  i s  very da rk  and i s  s imi l a r  in darkness  to 
the darkest  regions on the visible side of the Moon. 
side of the Moon, to the south-south-east  of Humboldt's Sea,  there  
is  a vast  and very bright luminous ray emanating f rom a c r a t e r  
surrounded by a bright radiance. 
is so bright that doubts a r e  ra ised whether luminescence alone 
could bring this about. 
porosity (microrel ief)  of the surface of the invisible side of the 
Moon i s  apparently the same ,  if not g rea t e r ,  as that of the visible 
side,  and that the brightness distribution over the surface of the full- 
moon i s  almost a straight line. 

F r o m  the 

The albedo of many regions on the 
The bottom 

On the r eve r se  

The central  peak of some  c r a t e r s  

Prel iminary investigations show that the 

~63-11651 
THE SCATTERING BEHAVIOR O F  THE MOON AT WAVELENGTHS 
O F  3.6, 68. AND 784 CENTIMETERS. 
J. V. Evans and G. H. Pettengill  (Massachusetts Insti tute of Tech- 
nology, Lincoln Laboratory,  Lexington. Mass.  ) 
Journal  of Geophysical Research.  vol. 68, Jan. 15. 1963, p. 423-447. 
56 refs.  

ent on wavelength. 
covered by s t ructure  of the o rde r  of  the wavelength in size.  whereas  
at 68 cm only 8% of the surface is this rough. 
face appears  to be smooth and undulating, and descr ibable  by means 
of an exponential law for the l a t e ra l  correlation of surface height. 
The mean gradient i s  found to vary,  the wavelength being about 1 in 
11 for points spaced by 68 cm and I in 7 f o r  points spdced 3.6 cm. 
I r terpret ing these resul ts  to obtain a value for the retlection coef- 
f icient is complicated by the ability of the surface to scat ter  either 
m o r e  o r  l e s s  favorably than a perfectly smooth spherical  s u r f a c c  
The best  value that can be obtained from the r ada r  r e su l t s  for  the 
reflection coefficient i s  6% at  68 cm. which in turn yields a value 
fo r  the dielectric constant of 2. 8. 

Demonstration that radio-wave scattering b\ the Moon i s  depend- 
4t  3. 6 cm some 14qoofthe surface appears  to be 

The bulk of the sur-  

A63-11652 
RADAR DETERMINATION O F  THE ROOT MEAN SQUARE SLOPE 
O F  THE LUNAR SURFACE. 
F r e d  8. Daniels (U. S. Army,  Electronics  Research and Develop- 
ment Laboratory,  F o r t  Monmouth, N. J. ) 
(International Scientific Radio Union (URS1)-Institute of Radio En- 
g inee r s ,  Joint Meeting, Washington, D. C., Apr. 30-May 3, 1962. ) 
Journal  of Geophysical Research,  vol. 68, Jan. 15, 1963, p. 449.453. 

. 
Extension of a general  theory of r ada r  reflection f rom planetary 

surfaces ,  showing how the slope of the surface prof i le  can be ob- 
tained from the autocorrelation function of  the signal envelope. 
theory is applied to lunar observations made at  440, 151, and 
38. 25 Mc. and a value of 14' is obtained f o r  the r m s  slope. 
angular power spectrum is found to be wavelength-dependent, ex- 
cept a t  the short  wavelength l imit  where it depends only on the s u r -  
face slope. 

The 

The 

A63-11724 
POWER SUPPLIES FORMOBILE LUNAR VEHICLES. 
Raymond G.  Roble, Hwei-Kai Hsi. and George T. Burton (Bendix 
Corp., Research Laborator ies  Div., Southfield, Mich.) 
American Rocket Society, Space Power Systems Conference,  
Santa Monica, Calif., Sept. 25-28, 1962, Paper  2525-62. 
12 refs .  

7 p. 

Pa rame t r i c  analysis of the power supplies capable of providing 
power to two types of mobile lunar vehicles.  The two types a r e  an 
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unmanned vehicle for a 100-Earth-day mission, and a manned vehi- 
cle for a 7-Earth-day mission. The hostile lunar environment 
and i ts  effect on the sys tem p a r a m e t e r s  a r e  taken into account. 
Selection of a suitable power supply for  the particular missions is 
made on the basis of the established p a r a m e t e r s  and design 
considerations.  

A63-11763 
INSTRUMENTATION FOR NUCLEAR ANALYSIS O F  THE LUNAR 
SURFACE. 
Ralph Monaghan. A. H. Youmans. R. A. Bergan. andE.C. Hopkinson 
(Dresser  Industries.  Inc., Research  Div., Tulsa,  Okla. ) 

Proposa l  of a pulsed, miniature.  neutron generator to analyze 
.u..-be -..- # - -  L "I a.u..:ear meZhods, p a r t i c d a r l y  fast n a t r o n  

activation. Surface data can be derived f rom the activation gamma- 
ray spectrum. capture radiation, neutron moderation t imes,  natural  
gamma ray.. and gamma ray. sca t te red  f t o m  a gamma-ray source. 

A63-118S9 
A CORRUGATED MODEL FOR THE LUNAR SURFACE. 
A. E. Gear  and J .  A. Bastin (University of London, Queen Mary 
College, Dept. of Physics.  London, England). 
Nature, vol. 196, Dec. 29, 1962. p. 1305. 

and IR lunar observations may be explained by assuming that the 
sur face  of the Moon has  indentations, the sca le  of which is too 
smal l  t o  be resolved optically by t e r r e s t r i a l  observations. Models 
s imi l a r  to  that suggested have been found to  give good agreement 
with lunar photographic measurements.  

Suggestion that a number of previously uncorrelated visual 

AM-11885 
"A LUNAR THEORY REASSERTED" - A REBUTTAL. 
J .  V. Evans (Massachusetts Institute of Technology, Lincoln 
Laboratory,  Lexington, Mass.)  
Journal of Research, Section D - Radio PropaRation, vol. 67D. 
Jan.-Feb. 1963, p. 1-4. 29 refs.  
USAF-Army-Navy-supported research .  

Presentation of experimental  evidence which IS not in accord 
with the theory of Siege1 and Senior on the scattering behavior of 
the Moon at  radio wavelengths. Several  other theories a r e  
reviewed, and new experimental  resul ts  a r e  discussed. 

A6341886  
POINT-TO-POINT COMMUNICATION ON THE MOON. 
L. E. Vogler. 
Journal of Research ,  Section D - Radio Propagation, vol. 67D, 
Jan.-Feb. 1963, p. 5-21. 
NASA-sponsored r e sea rch .  

the lunar surface,  neglecting any atmospheric effects. Ground- 
wave propagation is assumed over a lunar model consisting of a 
smooth sphere  of homogeneous mater ia l  in free space,  and attenua- 
tion curves  a r e  presented for  a wide range of electromagnetic 
ground constants. The communication sys tem is described in 
t e r m s  of the power requi red  a t  the input te rmina ls  of the t ransmi t -  
ting antenna in o rde r  to  obtain a given SNR a t  the receiver.  
Discussions of antenna considerations and noise effects a r e  p re -  
sented, and an example i s  given of a sys tem composed of a 
Beverage-type wave antenna transmitt ing towards a vertical  e lectr ic  
dipole. F o r  ground conductivities on the o rde r  of to ' 

mholm,  this example indicates an optimum frequency lying in the 
L F  band.and a communication range out to  somewhat beyond 100 km. 
depending on the type of serv ice  desired.  

26 r e f s .  

Pre l iminary  study of point-to-point communication sys tems on 

AM-1- 
METEORITE IMPACTS, LUNAR MARLA, L O P O L I T B  AND 
OCEAN BASINS. 
R L. C. Gallant. 

Nature, vol. 197, Jam 5, 1963, p. 38. 39; Dimcussibn, Robert  S. 
=p. 39. 40. 21 refs.  

movement of the Earth.  
making approximation$ based on data of pas t  meteor i te  impacts,  
a formula is derived for the determination of the weight of a 
meteorite. 
of the Ea r th  might be shifted by impact. 
demonstrated that impact by an aste'roid as l a rge  as Juno would 
shift Ear th ' s  polar axis by 45'. 

Brief  consideration of the effects of meteorit ic impacts on the 
Using s imple  mathematical  relations.  and 

The formula a l so  shows t o  what extent the polar axis 
As an  example. it is 

A63-12090 
DETERMINATION O F  RELATIVE AGES OF LUNAR CRATERS BY 
ALBEDO AND POLARIZATION MEASUREMENTS. 
Gilbert F ie lder  (University of London Observatory,  London, 
England). - Nature, vol. 197, Jan. 5. 1963, p. 69. 70. 

Brief derivation of an empir ica l  equation which mhows the  
relationship between the polarizit ion of light reflected by the Moon 
and the d iameter  of a lunar c ra te r .  
ences in the albedo of various rock# on the Moon, and becau.8 the  
initial degree  of roughness of the rocks  will cer ta in ly  differ f rom 
point to point, the equations derived a r e  only statist ical .  
basill of these relationships.  it is concluded that the la rges t  
c r a t e r s  a r e  the oldest. 

Because of int r insic  differ-  

On the 

A63-12l66 
THE MEASUREMENT O F  LUNAR ALTITUDES BY PHOTOGRAPHY. 
I - ESTIMATING THE TRUE LENGTHS O F  SHADOWS. 
G. Fielder (University of London Observatory.  London, England). 
Planetary and Space Science, vol. 9, Dee. 1962, p. 917-928. 
USAF-supported research .  

of a lunar shadow recorded photographically and measured  with a 
microdensitometer.  
reference to sunr i se  shadows of various lengths c a s t  by the lunar  
Straight Wall. I t  is shown that measurements  of shadow lengths 
made between half-density points of a microdensitometric scan  
along a shadow may contain sys temat ic  e r r o r s  due to  the non- 
linearity of the charac te r i s t ic  of the photographic emulsion. The 
most important sources  of sys t ema t i c -e r ro r  are seeing (especially 
in the case  of shor t  shadows), penumbrae. and uncertain seleno- 
graphic coordinates. Other e r r o r s ,  due to  seeing. effects  at a 
shadow-tip, and procedures of measurement,  a r e  a l so  important 
but probably apply in a more  nearly random manner. 

Discussion of the known aources  of e r r o r  in the apparent lennth 

The t rea tment  is genera l  but is i l lustrated by 

A63-12l67 
THE MEASUREMENT O F  LUNAR ALTITUDES BY PHOTOGRAPHY. 
Il - SOME MEASUREMENTS ON THE LUNAR STRAIGHT WALL. 
G. Fielder (University of London Observatory,  London, England). 
Planetary and Space Science, vol. 9, Dec. 1962, p. 929-938. 
USAF-supported research .  

Straight Wall and their  cor rec t ions ,  where possible. for  systematic 
e r r o r s  and relative altitudes. Allknown sources  of e r r o r  a r e  taken 
into account to  compute the most  probable e r r o r  in a result .  which i s  
commonly +lo% of the altitude. The r e su l t s  f rom the photographic 
method a r e  compared with visual es t imates .  It is s h a m  that the 
top of the Straight W a l l  is level to  within 4 0 0  m. F o r  seve ra l  
different shadow lengths. the g rea t e s t  relative alt i tude is nea r  t o  
the center  of the Wal l ,  and is of the o rde r  of 400 m. The mean 
relative altitude of the Straight W a l l  is -300m for sho r t  shadows 
and -380m for long shadows. 

Presentation of data on the lengths of shadows c a s t  by the lunar 

A 6 3 4 2 l 7 0  
THE NATURE OF SOME O F  THE CHARACTERISTIC DETNLS ON 
THE MAP OF THE REVERSE SIDE O F  THE MOON. 
A. V. Khabakov. 
Qskusstvennye Sputniki Zemli, no. 9, 1961, p. 52.) 
Plm-ctary and Space Science, vol. 9. Doc. 1962, p. 961-968. 
Translation. 

Moon, based on interpretations of the first photographs taken. 
Among the objects recognized a r e  the following: (1) rounded and 

Discussion of the principal feature. of the r eve r se  side of the 
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l a rge  dark  spots;  ('21 zonea wifh groups Of h r g e  dark  and Iuminous 
spots a r ranged  in parallel; (3) extensive, but not c lear ly  defined, 
grey  regions with indefinite, and often complex outlines; (4) smal le r  
c i rcu lar  o r  annular dark o r  luminour spats;  and (5)  bright spots and 
groups of spots and band t r aces  of a radial  s t ruc ture .  On the basis 
of these  determinations, a map is constructed.which offers  a 
qualitative evaluation of the difference in brightness of the principal 
fea tures .  It is confirmed that an ordered a r rangement  of fea tures  
in the f o r m  of rows, chains. o r  festoons exists in some places on 
the r eve r se  side of the Moon. 

A63-12?28 
THERMAL ASPECTS OF LONG-TERM STORAGE O F  PROPEL- 
LANTS ON THE LUNAR SURFACE. 
Tibor Buna (Martin-Marietta Corp . ,  Baltimore. Md. ) 
American Rocket Society, Annual Meeting, 17th. and Space Flight 
Exposition, Los Angeles, Calif . ,  Nov. 13-18, 1962, P a p e r  2690-62. 
36 p. 15 refs.  

Development of a method for the prediction of vaporization 
r a t e l ,  mean temperatures.  and tempera ture  amplitude. of insu- 
lated propellants exposed t o  stabilized periodic heating in the lunar 
environment. It is shown that, with modest investmenta in r e -  
quired insulation weights, propellant tempera ture  levels compa- 
rable to  Earth-ambient tempera tures  may be maintained indefinite- 
ly on the lunar surface, and boil-off r a t e s  of cryogenic propellanta 
may be kept within acceptable l imits for atorage t ime up t o  severa l  
lunar cycles. The feasibility of art if icially modifying the effective 
reflectivity of the lunar sur face  ia established, and the effect of 
this modification on performance i a  evaluated. The relative effects 
of sur face  optical properties,  insulation heat-transfer rnechaniams 
(conduction VI radiation), and spatial  and temporal distribution of 
the environmental  radiation intercepted by the container a r e  d is -  
cussed. 

A M - 1 2 4 6 5  
SCLENTLFIC OBJECTIVES O F  LUNAR EXPLORATION. 
Robert  Jaa t row (NASA, Goddard Space Flight Center,  Greenbelt ,  
Md. and NASA, Lunar Science Subcommittee, Waahington. D. C. ) 
1Americ.n Astronautical Society, Lunar Flight Symposium, New 
York, N.Y.. Dec. 27. 1960.) 
IN: Lunar Exploration and Spacecraft  Systems. New York. Plenum 
P r e s s .  1962. -p. 1-10. 

Brief review of the lunar acience program fo r  the next 10 
years.  The program includes: (1) extensive scientific exploration 
of the Moon, including mapping and surface-composition analyses;  
(2) unmanned scientific observatories;  and (3) inatrumented probes. 
The cu r ren t  s ta te  of knowledge regarding the Moon as a planetary 
body is surveyed, and specific scientific objectives a r e  discussed. 

A M - 1 2 5 5 7  / 
LUNAR MANUFACTURLNG. 
Bruce B. C a r r  (Callery Chemical Co., Callery,  Pa.  ) 
American Rocket Society, Annual Meeting, 17th, and Space Flight 
Exposition, Los Angelee, Calif., Nov. 13-18, 1962, Paper  2689-62. 
6 P. 

Examination, from a process  viewpoint, of the possibility of 
producing useful material. on the Moon. 
the most d e u r a b l e  raw material ,  the actual requirement for either 
life support  o r  propellant use is pr imar i ly  for oxygen, based on 
weight of mater ia l  required.. Severa l  p rocesaes  a r e  considered 
for  producing water or oxygen on the Moon. The approach suggest- 
ed is not completely dependent on the present knowledge of Moon 
composition, yet it can take advantage of the optimum raw material ,  
water,  if found. 
difficulty from simple rock dehydration to  reduction of silicates. 
the objective being maximum aimplicity of operation even at a coat 
of increased  power requirement and technical problems. The c r i -  
t e r i a  of weight payout time ii suggested for  process  evaluation. 
This is the t ime required to produce a weight of product equal to  
the weight of plant required. 
months is 'estimated for an underground reduction process  
designed to  minimize labor and rock handling. 

Although water would be 

Processes  considered vary in technological 

A weight payout t ime of t h ree  o r  four 

A W 1 1 6 2 7  
LUNAR SURFACE AND SUBSURFACE MAGNETIC SUSCEPTIBILITY 
INSTRUMENTATION. 
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Edgar  M. Bollin (California Insti tute of Technology, Jot Propulaion 
Laboratory,  Paaadena. Calif. ) 
(Inatitute of Radio Engineers-National Bureau of Standards- 
American Institute of Elec t r ica l  Engineers-National Science 
Foundation, International Conference on Prec is ion  Electromagnetic 
Measurements.  Boulder, Colo., Aug. 14-17. 1962. ) 
IRE Tranaactiona on Instrumentation, vol. 1-11. Doc. -1962. 
p. 102-106. 
Contract No. NAS 7-100. 

and subsurface magnetic suaceptibility. 
curacy  and logging ability of various probe configurations is con- 
sidered. Special boundary conditions of high vacuum, ex t reme 
unbient  tempera ture  variation, res t r ic t ion  to mechanically paaaive 
syatem., simple electronic., low power, and light weight all con- 
tr ibute to  degradation of the accuracy  of the inatrument. Measure-  
menta in the range of 10 to 100,000 micro-oerstedlgaums are of 
interest .  Nonaedimentary rocks  range f rom 40 to  1,000 micro-  
oers ted lgauas .  The presence  of nickel-iron meteor i t ic  ma te r i a l  
may extend the range beyond the present  l imi t s  of meaaurement.  
The determination of the presence  o r  absence of meteor i t ic  mate- 
rial is necessary  to validate not only the accuracy  of the  suacep- 
tibility measurement.  but a l so  the accuracy  of low-level magneto- 
m e t e r  measurements.  

Study of multicoil induction meaaurements  of tho lunar aurfaco 
Improvement of the ac- 

A S 1 2 7 4 3  
DIE BESCHAFFENHEIT DER MONDOBERFLACHE [THE COM- 
POSITION O F  THE LUNAR SURFACE]. 
Kurd von BGlow. 
Weltraumfahrt ,  vol. 13, Nov. -Dec. 1962. p. 161-164. In German. 

Discussion of the composition of the lunar aurface a s  it would 
affect manned landing (and locomotion) on the Moon. The r e su l t s  
of the analysis indicate that f i rm  and somewhat amooth a r e a s  can 
be expected only in the relatively dark  (dust-poor) 
regions; in the l ighter-colored a reas .  duat and a s h  accumulations 
can be expected. Mar ia  sur faces  a r e  thought to  be sharp-edged, 
nonuniform in cornpornition. and subject to faults. Avalanchea of 
the du.t bank. from steep slopes and near  rock c rev ices  can be 
caused by sudden shocks. The  d u m t  factor,  however, should be 
taken into accbuni at any spot on the lunar surface.  and may con- 
tr ibute conaiderably to the perila,of locomotion -o. g., danger 
a reaa  may be hidden below a l ayer  of dust. 

t e r r a e  

A63-12765, 
DYNAMIC PENETRATION STUDIES IN CRUSHED ROCK UNDER 
ATMOSPHERIC AND VACUUM CONDITIONS. 
David J. Roddy, John Rittenhouse, and Ronald F. Scott (California 
Insti tute of Technology, Pasadena, Calif.) 
American Rocket Society. Annual Meeting. 17th. and Space Flight 
Exposition, Loa Anpeles, Calif., Nov. 13-18, 1962, Paper  2713-62. 
11 p. 10 refs.  

Description of a device to study dynamic penetration in air and 
in a high-vacuum m m  Hg) condition. Poasible lunar  sur face  
exploration applications a r e  indicated. The apparatus is designed 
to drop cylindrical ,  metal  rods,  pointed on one end, into cohesion- 
l e s s ,  crushed-rock material .  Dynamic penetration is studied a s  a 
function of severa l  par t ic le  s i r e s  and mixtures  of these particle 
sizes.  Other factors  considered a r e  the density of packing, probe 
dimension., vacuum pres su re ,  and vacuum degassing rates. Ex- 
perimental  resul ts  show that the density of packing of the c rushed-  
rock par t ic les  is the dominant factor affecting the dynamic penetra- 
tion. The maximum penetration occurs  in a i r  in the crushed rock  
with low-density packing. The minimum penetration occurs  in a i r  
in densely packed mater ia l .  Dynamic penetration in vacuum for  
the low-density and high-density packing l i e s  between the r e ru l t s  
of penetration in a i r  for  the same packing conditions. At vacuum 
p r e s s u r e s  above approximately 0.1 m m  Hg all penetration values 
approach the a i r  penetration measurements .  

A63-12838 
THE EARLY HISTORY OF THE MOON AND THE EARTH. 
H. AlfvGn (Royal Insti tute of Technology, Stockholm, Sweden). 
Icarus ,  vol. 1, Jan. 1963, p. 357-363. 

was a planet, which was captured by the Ear th .  
Presentation of arguments for the view that the Moon originally 

According to 



Gerstenkorn, the capture  took place m a retrograde orbit ,  which 
by t idal  action was  changed to a polar orbi t  and la ter  to the present  
direct  orbit .  
l imit  and a breakup took place. The resul ts  for the Earth (possibly 
the formation of continents) and for the Moon (possibly the fo rma-  
tion of the lunar  c r a t e r s )  a r e  discussed. 

During this p rocess  the Moon reached the Roche 

A63-12040 
ON THE DISTRIBUTION O F  LUNAR MARIA AND THE 
SYNCHRONOUS ROTATION O F  THE MOON. 
Douglas B. Nash (California Insti tute of Technology, Jet Propul-  
sion Laboratory,  Div. of Space Sciences,  Pasadena. Calif.) 
Icarus .  vol. 1, Jan. 1963, p. 372, 373. 
NASA-supported research.  

explain the predominance of mar ia  on the near  side of the lunar  s u r -  
face. It is assumed that  the Moon in the past  was not maintaining 
the s=-.e hemisphere toward tba Earth,  and that i t  was bombarded 
on one side by a sudden s w a r m  of meteors  which added considerably 
to the m a s s  of the Moon. 
a r e  s c a r s  lef t  by the impact of a swarm of bodies which added 
m a r s  to  one hemisphere of the Moon only; and that hemisphere 
faces  the Ea r th  because i t  has  g rea t e r  mass  and, therefore ,  i s  
a t t racted m o r e  strongly by the Earth '  s gravitational field. 

-Presentat ion of a hypothesis as an al ternate  to Tursai '  s to 

Accor,ding to this hypothesis the mar i a  

A63-13069  
AN UNSOLVED ASTROMETRICAL PROBLEM. 
A. A. Iakovkin (Kiev State University, Astronomical Observatory,  
Kiev, Ukrainian SSR). 
IAstronomicheskii  Zhurnal,  vol. 39, July-Aug. 1962. p. 736-745.) 
Soviet Astronomy, vol. 6, Jan.-Feb. 1963, p. 573-579. 22 refs.  
Translation. 

Discussion of the need fo r  developing methods for computing 
the coordinates of the center  of m a s s  of the Moon f rom observa-  
tional data. Observations at s ix  points are compared and yield 
direct  resul ts .  depending on no p r io r  hypothesis. A description 
is given of four models  of the Moon used to reduce heliometric 
observations;  the models explain cer ta in  observed facts.  

A63-13172 
TOPOGRAPHY AND TECTONICS O F  THE LUNAR STRAIGHT 
WALL. 
G. Fielder  (University of London Observatory,  London, England). 
Planetary and Space Science, vol. 11, Jan. 1963, p. 23-30. 

Wall region of the Moon. 
(1) measurement  of sun r i se  shadowa, (2) meaaurement of the width 
of the face of the Straight  Wall a t  sunset,  (3) photometric measure-  
menta of the slope of the surface i n  the immediate vicinity of the 
Wall, and (4) photographic and visud observations. 
is found to  be a dip-sl ip  fault, with the upthrow dipping gently away 
f rom the fault. 
undoubtedly due to igneous activity. 

Investigation of the topography and the nature of the Straight 
Data a r e  used f rom the following sources:  

The Wall i tself  

The dominant tectonic fo rces  in the region a r e  

A 6 3 4 3 2 4 7  
THE MEASURE O F  THE MOON. 
Ralph B. Baldwin (Oliver Machinery Co., Grand Rapid., Mich. ) 
Chicago, University of Chicago P r e s s ,  1963. 
$13. 50. 

Through a detailed discussion of t e r r e s t r i a l  meteorit ic c r a t e r s ,  
re la ted c r a t e r  - forming mechanics,  and Earth-lava flows. the evolu- 
tion of the Moon and the meaning of i t s  surface markings a r e  linked 
with those of the Earth.  In an attempt to establish a logical i e -  
quence of happenings on an  unambiguous t ime scale.  a history of 
the Moon, Earth,  and Earth-Moon sys t em is presented which is 
consistent with mos t  bf the lunar markinga and cer ta in  t e r r e s t r i a l  
formations.  Tables,  maps,  f igurea,  and i l lustrations support  the 
text, offering a hibtory of the Moon f r o m  the t ime it reached ita 
p re sen t  s ize  - 4.5 billion yea r s  ago - until now. Included in the 
appendices 'are der ivat ions of the relationship between the distance 
of the Moon and geologic t ime,  and the lunar tidal bulge a s  a 
function of the Moon's distance.  

580 p. 

A 6 3 4 3 3 3 4  
FACILITIES FOR MANNED SPACECRAFT DEVELOPMENT: 
MSC TEST FACILITIES. 
Joseph N. Kotanchik and H. Kurt  S t r a s s  (NASA, Manned Spacecraf t  
Center,  Syatems Evaluation and Development Div., Houston, Tex.) 
Astronautics and Aerospace E n a i n e e r i n h  vol. 1, Feb. 1963, 
p. 78-81. 

Diacussion of major facil i t ies now in planning o r  design phase 
fo r  the manned spaceflight program, with par t icular  attention to 
environmental  accelerat ion and s t ruc tu ra l  facil i t ies.  Both a space 
and lunar-surface environment-simulation chamber  and a vacuum 
chamber are described. The night accelerat ion facility will be 
used chiefly fo r  t ra ining astronauts  in spacec ra f t  operation. It will  
also be used for physiological testing of c rew personnel. and 
acceleration tasting of c rew equipment and operating aystems. In 
addition, a thermochemical t e s t  area and a s t ruc tu res  and 
materiala laboratory a r e  discuased. 

A 6 1 1 3 3 4 2  
PRELIMINARY LOCOMOTION ANALYSIS O F  LUNAR SURFACE 
VEHICLES. 
W. B. Sponsler (Northrop Corp.,  Northrop Space Laboratories.  
Hawthorne, Calif. ) 
IN: Sympoaium on Ballist ic Misaile and Space Technology, 7th. 
Tranaactions.  Volume L Colorado Springs.  Celo. ,  Aug 13-16, 1962. 
Lo. Angeles, Aeroapace Corp. ; USAF, Syatems Command, Office 
of the Deputy Commander for Aerospace Systema, 1962. 
I4 refa .  

Basic modes of controlled locomotion a r e  diacuased. and the momt 
promising (rigid and flexible wheels and t r acks )  are analyzed. The 
effects  of su r f ace  character is t ics ,  vehicle weight, and t r ead  config- 
uration a r e  re la ted to traction. rolling resis tance,  range, obatacle 
capability, and acceleration. 
varying the lunar surface pa rame te r s  t o  develop a relative evalua- 
tion and to  present  a method for fur ther  analyaia. 
for slow speeds and the effects  of lunar environment upon traction, 
ride, stability. braking and other factors  a r e  considered. On the 
basis of the study it i s  concluded that the semir igid wheel appears  
practical  for s t rong su r faces  and for lightweight, short-range 
vehicles on weak soils.  For  heavy vehicles on weak surfaces .  the 
choice between wheel and t rack is seen to  be leas  pronounced, and, 
while favoring the large flexible wheel, it could swing to  the t r ack  
fo r  specialized applications o r  for unusual surface conditions. 

p. 23-52. 

P re l imina ry  study of vehicuiar mobility on the lunar aurfrce.  

Typical examples  a r e  compared, 

The necessi ty  

A63-13343 
PENETRATION STUDIES O F  SIMULATED LUNAR DUST. 
R. D. Rowe and E. T. Selig (Illinoia Institute of Technology, 
Armour Res>arch  Foundation, Soil Mechanics Section, Chicago, 
111. ) 
IN: Symposium on Ballist ic Miasile and Space Technology, 7th. 
Transactions,  Volume I. Colorado Springs,  Colo. ,  Aug. 13-16. 1962. 
Loa Angeles. Aerospace Corp. ; USAF, Systems Command, Office 
c l  the Deputy Commander for Aerospace Systems,  1962. p. 53-72. 

Experimental  inveatigation of the s ta t ic  and'dynamic penetra- 
tion resis tance of simulated lunar duat in a hard vacuum environ- 
ment. Basically,  two types of t e s t s  a r e  considered: ( I )  dynamic 
penetration of rod-shaped projecti les dropped into the dust.  and 
( 2 )  stat ic  bear ing t e s t s  with small  block. res t ing on the su r face  
of the dust. 
specimena of finely ground s i l ica  covering a range of densit ies.  
The elfecta of density charge and absolute p re s su re  on penetration 
a r e  studied. It is seen that. while the nature  of the behavior i s  
somewhat different,  both static and dynamic penetration reais tancea 
a re  significantly dependent on the initial specimen density and on 
the vacuum levels,  increasing with an inc rease  in density o r  a 
dec rease  in density pressure.  It i s  pointed out that the ma te r i a l  
would have g rea t e r  strength under lunar environmental  conditions 
than under t e r r e s t r i a l  atmoapheric conditions. At low-pressure 
levels. the dust increases  in strength because of the removal of 
the adsorbed monomolccular film o r  gas  surrounding thc pa r tx l e s .  

Atmospheric and low-vacuum tes ta  a r e  conducted with 

A6513523  
RADAR REFLECTIONS FROM THE MOON AT 425 Mcls .  
George H. Millman and Fred L. Rose (General Electric Co. ,  
Svracuse.  N. Y.) 
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Tnternat ional  Scientific Radio Union and Institute of Radio 
Engineers,  Joint Meeting, Washington, D.C., Apr. 30, 1962.) 
Journal  of Research,  Section D - Radio Propagation, vol. 67D. 

. -  
Mar. -Apr. 1963, p. 107-117. LO refs .  
Contract No. AF  30(602)-2244. 

f rom radar-lunar measurements conducted at  the USAF Trinidad 
Test Site during 1960. 
that. at 425 Mc. the front portion of the Moon is a comparatively 
smooth reflector,  while the back portion behaves as a rough scat-  
t e r e r .  The pulse decay of the average envelope of lunar echoes is 
found to follow the slope of the hmmel -See l ige r  scattering law. 
F r o m  the cumulative probability distributions of the total  c r o s s  
section of the Moon measured on two different days,  it i s  indicated 
that 50% of the total  cross-sectional measurements  were l e s s  than 
5. 0 x 10l1 t o  8. 5 x 10l1 m2 o r  117. 0 to 119.3 db above 1 m'. Statis-  
t ical  data, such as the probability density functions of the total  
lunar echo amplitude and the autocorrelation function, a r e  a l so  
presented. 
autocorrelation function is compared with the theoretical  Doppler 
spread result ing from the l ibration of the Moon. 

Discussion of the character is t ics  of the lunar surface deduced 

Evidence is presented which tends to confirm 

The power-density spectrum computed from the 

A63-13783 
INVESTIGATION O F  THE MAGNETIC FIELD O F  THE MOON. 
Sh. Sh. Dolginov, E. G. Eroshenko, L. N. Zhuzgov, andN. V. 
Pushkov. 
(Akademiia Nauk (USSR). Geomagnetizm i Aeronomiia, no. 1, 1961, 
p. 21-29.) 
AIAA Journal,  vol. 1. Feb. 1963, p. 514-516. Translation. 

cerr.ir.g :he f i d d  of the Moon which were obtained during the flight 
of the second Soviet cosmic rocket (1959 Xi). 
field measurements  near the Moon made it possible to establish 
that the Moon does not have a notable magnetic field. The Moon' s 
dipole magnetic moment can be only l e s s  than 1/10. 000 of the 
E a r t h ' s  magnetic moment. This  reault  gives evidence in favor of 
the contemporary hypothesis of the.origin of the Earth '  s magnetic 
field. In addition to making the lower boundaries m o r e  precise ,  
subsequent experiments may provide information on whether the 
Moon had a magnetic field in  the past ,  and on the genesis  of i t s  
surface and i t s  cosmogonic history.  

Discussion of the experiment and the experimental  data con- 

The f i r s t  magnetic 

A 6 3 4 3 8 6 6  
THE ORIGIN AND EVOLUTION O F  THE SOLAR SYSTEM. 
Harold C. Urey (University of California a t  San Diego. La  Jolla.  
Calif.) 
IN: Space Science. New York, John Wiley and Sons, h c . ,  1963, 
p. 123-168. 67 refs. 

Consideration of a possible model of the origin of the so l a r  
system based on a study of the Moon, the meteorites,  and the 
system'  s chemical  constitution. The physical character is t ics  of 
the Moon a r e  discussed. The surface features  a r e  descr ibed in 
relation t o h e  origin of the c r a t e r s .  I t  is pointed out that 
meteori tes  acquired most of their  chemical composition and 
physical s t ruc tu re  during the p rocess  of the evolution of the solar  
system. 
Tables  a r e  provided which l i s t  the abundance of metals  in 
meteori tes  and in the Sun. The density of the planets is estimated. 
Theories  concerning the origin of meteorites a r e  briefly reviewed. 
Considered also a r e  the general  problems of the origin of stars, 
and the origin of solar  nebulae. The model advanced is seen to  
follow Jeans  instability of a rotating m a s s  a s  a means of securing a 
so la r  nebula, and the gravitational formulas of Jeans,  of 
Chandrasekhar,  and of Bel and Schatzman. I t  is shown that this 
model accounts for the differing compositions of the planets and 
the composition of the Moon. It i s  found that the model can explain 
cer ta in  propert ies  of meteorites,  as well  a8 other basic  require-  
ments of the problem, such as those ar is ing f r o m  considerations of 
magnetic fields. 

The composition of i ron and stone meteori tes  is discussed. 

A63-13877 
THE SURFACE OF THE MOON. 
Gera rd  P. Kuiper (University of Arizona, Tucson, Ariz.)  
IN: Space Science. New York, John Wiley and Sons, h c . ,  1963. 
D. 630-649. 18 refs. 

Presentat ion of the observed macrostructure  and mic ro -  
s t ructure  character is t ics  of the lunar aurface.  It is seen  that the 
telescope reveals  the following types of lunar terrain:  (1) d a r k  
a reas .  which comprise  the 80-called mar i a  and the "flooded" c r a t e r  
bottoms; (2) bright adjacent areas covered with i r r egu la r  m a s s e s  
of debris ;  urd (3) the highlands. or terrae, which differ f rom the 
m a r i a  not mere ly  in brightness and lack of g r o s s  o r  systematic  
s t ruc tu re  features.  but a l so  contain vastly m o r e  lunar  c r a t e r s .  
Other c l a s s e s  of subsidiary features,  that a r e  s t ructural ly  re la ted 
to the t e r r a in  in which they occur,  are described. It is pointed out 
that  the microstructure  of the Moon is also accessible  to observa-  
tion. The photometric,  color imetr ic ,  and par t icular ly  the 
polarization propert ies  of the different lunar provinces broadly 
define the microstructure  for dimensions of 
Photographs of different lunar  a reas ,  as well  as a schematic  map 
of the r e v e r s e  side of the Moon, a r e  provided. The development 
of the Moon and its observable surface is interpreted.  

to 10-1 ern. 

A63-13880 
VISUAL REQUIREMENTS FOR LANDING ON THE MOON. 
Jack E. Conklin (Hughes Aircraf t  Co., Culver City, Calif. ) 
Human Fac to r s ,  vol. 4. Dec. 1962, p. 335-342. 26 refs. 

Investigation of the visual requirements  for landing a shuttle 
spacecraf t  on the surface of the Moon and subsequently achieving 
rendezvous with the command module in  orbit. 
studied are:  (1) the capability of the astronaut  to perceive Moon 
landmarks while on orbi t  i n  o r d e r  to detect and identify a desired 
landing a rea ;  and (2) the capability of perceiving the command 
module from the Moon during all phases  of its orbi t  f rom lunar 
horizon to entry into the lunar shadow. The propert ies  of the  
Moon landmarks a r e  examined in  t e r m s  of size,  contrast .  and 
velocity of the moving imagery. 
data a r e  calculated for the command module and for Earth as seen 
f r o m  the Moon for different phase angles and albedos. The effects 
of g l a re  on the discrimination of the command module are discussed. 

The major  quemtions 

Stel lar  magnitude and luminance 

. 
A63-14380 
EXPLORATION O F  THE MOON IN THE U. S. S. R. 
A. A. Mikhailov (.lcadrrny of Sciences,  Central  Astronomical 
O l s r rva to rv .  Pulkovo. USSR). ,. 
(International Astronomical Union-Douglas Aicraf t  Co. , Inc., 
International S )  inposium on Space Age Astronomy. Pasadena, 
Calif . ,  Aug. 7-9, 1961.) 
IN: Space Aae Astcunomy. New York, Academic P r e s s .  Inc., 
1962, p. 462-471; Discussion, p. 471-475. 

containing C2. issuing from c r a t e r  Alyhonsus and a detailed ac-  
count of the observation of the r eve r se  of the Moon. 
reproductions of original television recordings of lunar photograph., 
a map of  the r eve r se  side of  the Moon, and a composite drawing 
of the Moon's external  perspective.  

Description of the observation of Kozyrev of a cloud of a gau 

Included a r e  

A6344381 
THE EXPLORATION O F  THE MOON, THE PLANETS, AND 
INTERPLANETARY SPACE. 
A. R. Hibbs (California Insti tute of Technology, J e t  Propulsion 
Laboratory,  Pasadena, Calif. ) 
(International Astronomical Union-Douglas Ai rc ra f t  Co., Inc., 
International Symposium on Space Age Astronomy, Pasadena. 
Calif., Aug. 7-9, 1961.) 
IN: Space Age Aatronomy. New York, Academic P r e s s .  bc., 
1962,- p. 476-493. 
Contract  No. NASw-6. 

t o  be c a r r i e d  out with Ranger  1 thru 5 ,  and the Surveyor and 
Mar ine r  spacecraft.. 

Description of the orbi ts ,  instrumentation. and experiments  

A63-14381 
PROBLEMS O F  SURFACE EXPLORATION O F  THE MOON AND 
THE PLANETS. 
Robert  K. Roney (Hughes Ai rc ra f t  Co., Culver City, Calif. ) 
(Internati'onal Astronomical Union-Douglas Ai rc ra f t  Co., Inc., 
International Symposium on Space Age Astronomy, Pasadena, 
Cal i f . ,  Aug. 7-9, 1961.) 
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IN: Space Age Astronomy. New YorK, Academlc Pres., Inc., 
1962. p. 498-500. 

and the problems presented in landing on an a i r l e s s  planet o r  one 
with an atmosphere.  

Br ie f  discussion of guidance accuracy, environmental problemm, 

A 6 3 4 4 5 0 6  
STRUCTURE O F  THE MOON'S SURFACE AND INVESTIGATION 
O F  THE FIRST PHOTOGRAPHS OF ITS FAR SIDE. 
N .  P. Barabashob. 
(Iskusstvennye Sputniki Zemli. no. 9, 1961, p.  56-61.) 
AIAA Journa l ,  Russian Supplement, vol. 1. Mar. 1963, p. 744-747. 
22 refs.  Translation, 
[See Accession no. A63-11000, 03-05] 

A6344534 
AN wKIC;IN. OF 
FORMATION O F  THE EARTH'S CORE. 
Donald U. Wise (Franklin and Marsha l l  College, Dept. of Geology, 
Lancas te r ,  Pa.)  , 
Journal of Geophysical Research, vol. 68, Mar.  1, 1963, 
p. 1547-1554. 31 refs .  

Discussion of Darwin ' s  hypothesis of lunar origin f rom a 
rapidly rotating Ear th .  I t  is suggested that the hypothesis can be 
modified by substitution of the excessive rotation rate  and unstable 
spin by conservation of angular momentum during formation of 
the E a r t h ' s  core  fo r  Darwin' s tidal resonance mechanism. 
Cr i t ic i sms  which caused rejection of the older hypothesis a r e  
considered in light of this modification and subsequent discoveries 
and ideas.  

MOON- By ~ O T A T i O N ~  F ~ i O N .  DU~cilu'G 

A-14575 
THE CRATERS IN THE LUNAR WALLED PLAIN PTOLEMAEUS. 
Ann Palm and Robert  G. Strom (University of California, Space 
Sciences Laboratory,  Berkeley, Calif. ) 
Planetary and Space Science, vol. 11, Feb. 1963, p. 125-134. 
12 refs.  
Grant No. NsG-145-61.. 

Measurement,  f rom lunar photographs, of d iameters  of craterm 
in the lunar walled plain Ptolemaeum and in the vicinal equal-area 
t e r f a e  (highland surfacem). Statimtical analymes of the data lead 
to  the concluqion that the "ghomts. " which a r e  partially submerged 
c ra t e r s ,  and the post-Ptolemaean c r a t e r s  came f rom distinctly . 
different populations. On the bas i s  of the relative sur face  den- 
si t ies,  age, and frequency distributior of the total Ptolemaean and 
adjacent t e r r a e  c r a t e r s ,  it is  infer red  that these  c ra t e r s  may have 
had a s imi la r  history.  

A03.14176 
THE MOON'S FIRST DECIMETER. 
K. J. K. Buettner (University of Washington, Seattle, Wash.) 
P lane tary  and Space Science, vol. 11, Fcb. 1963. p. 135-148. 
26 refs.  
Contract No. NAS 7-100; J P L  Contract No. N-33561. 

Discussion of the possible composition of the surface layer  of 
the Moon, pointing out possible lunar conditions which could affect 
the interpretation of t h e r m a l  and electromagnetic radiation meas- 
urements.  T h e w  possibil i t ies a r e  considered: that the top layers  
may be partially permeable  to inf ra red  emismion; that the white 
sur face  a reas ,  m c h  as the c r a t e r  Ar is ta rchus .  permit so la r  radia- 
tion to penetrate below the surface; that, based on laboratory meam- 
urements,  the heat conductivity of dust decreases  with a i r  p resaure ,  
and a t  low p r e s s u r e s  with tempera ture ;  that, a l so  f rom laboratory 
measurements,  the specif ic  heat of rocks depends on the cube root 
of the tempera ture  r a the r  than on the tempera ture  i tself ;  and that 
ionizing r ays  could have l ibera ted  meta ls  atoms in the lunar sur face  
mater ia l ,  thus ra i s ing  the electr ical  conductivity. 

Am-15151 
SURFACE MATERIAL O F  THE MOON. 
Char les  R. Warren  (U. S. Geological Survey, Washington, D. C.) 
Science, vol. 140, Apr. 12. 1963. p. 188-190. 11 refs ,  

A63 

Proposa l  of a theory concerning the sur face  ma te r i a l  of the 
Moon in o rde r  to  explain, p r imar i ly ,  
backscattering much m o r e  light in the diTection of the light source  
than in any other direction. Dominant ' theories explaining this  ef- 
fect  a r e  briefly outlined, and their  defects a r e  considered. The 
requirements fo r  a feasible hypothesis a r e  discussed, one of the 
important e lements  being the geometry of the ma te r i a l  of the lunar 
surface. 
perimental  evidence, a theory i m  presented, which muggeats that the 
sur face  of the Moon is probably covered by an open-texture, highly 
porous maze o r  meshwork of randomly or ien ted  l inear  units with 
or  without nodes. 
Toy" s t ruc ture  in which opaque units (nodes) a r e  spaced apar t  by 
thinner rods,  o r  it might rememble that of snowflakes o r  re indeer  
moss. 

the su r face  property of 

Based on such theoretiFal considerations,  and on ex- 

The s t ruc ture  could be a memh o r  a "Tinker- 

A6345112 
SELE??OLWGICP.L LV-pLICATIQNS OF THE SOUTH - A U S T R A L M  
RING STRUCTURES. 
V. A. Firmoff. - Nature, vol. 198, Apr. 6, 1963, p. 78. 79. 

different sur face  fea tures  of the Ea r th  and Moon by the huo main 
factors which differentiate geological and melenological procomaem. 
These a r e  the abmence in the la t ter  of sur face  water ,  and gravity 
reduced by a factor of aix. A dimcussion is given on the l a rge  ring 
mtructurem in a Pre-Cambr ian  volcanic complex of South Australia,  
am described by Crawford. 

10 refs .  
Brief conaideration of the theory that explains,  in par t ,  the 

A 6 3 - 1 u l S  
DYNAMIC PENETRATION STUDIES IN CRUSHED ROCK UNDER 
ATMOSPHERIC AND VACUUM CONDITIONS. 
David J. Roddy. John B. Rittenhouae, and Ronald F. Scott 
(California Insti tute of Technology, Pasadena, Calif. ) 
AIAA Journal, vol. 1. Apr. 1963, p. 868-873. 
Contract No. NASw-6; NsG-56-60. 
[See Accession no. A63-12763. 07-29] 

Am-15948 
RECOVERY O F  WATER OR OXYGEN BY REDUCTION O F  LUNAR 
ROCK. 
Bruce B. C a r r  (Cal le ry  Chemical Co. ,  Cal le ry ,  Pa .  ) 
AIAA Journal,  vol. 1, Apr. 1963, p. 921-924. 
1See Accession no. A63-11557, 06-29] 

A63-16361 
PROPERTIES O F  THE LUNAR SURFACE AS REVEALED BY 
THERMAL RADIATION. 
R. W. Muncey (Commonwealth Scientific and Industrial  Remearch 
Organization, Div. of Building Research ,  Melbourne, Australia).  
Aumtralian Journa l  of Phys ics ,  vol. 16, Mar. 1963, p. 24-31. 
17 tefm. 

observed optical value., uming the ammumption that the the rma l  
propertier of radiation f rom the Moon a r e  proportional t o  the tem-  
perature.  Posmible mixed murfacem a r e  evaluated and examined to 
es t imate  the likely variation in microwave radiation. By comparing 
the calculations with observed remultm, it is mhom that the moat 
probable sur face  consistm partly of rock o r  grave l  overlaid by a 
thin layer  of fine dust,  and partly of aream with dumt extending beyond 
the depth f rom which the microwave radiation emanatem. 

Calculation of the uniform lunar sur face  correrponding t o  the 

A63-16753 

FOR THE DIFFUSE COMPONENT. 
Fred  8. Daniel. (U. S. Army, Elec t ronics  Remearch and Develop- 
ment Laboratory,  Fo r t  Monmouth, N. J. ) 
Journal of Geophysical Remearc% vol. 68, May 1, 1963, p. 2864. 2865. 

elope of ?he lunar sur face  computed f rom the autocorrelation func- 
tion of the radar  echo. 
function contained a mignificant amount of relatively HF energy f rom 
the diffume component of the sca t te r ing  which was not cor rec ted  for 
in.thariSin.1 formulation of the theory. 

RADAR DETERMINATION OF LUNAR SLOPES: CORRECTION 

Presentation of correc t ions  to a previously determined rmm 

It i m  mhown that the meamured autocorrelation 
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A63-16994  
DYNAMIC ANALYSIS FOR LUNAR ALIGHTMENT. 
A. P. Cappelli (North American Aviation, Inc., Space and Informa- 
tion Systems Div.. Downey, Calli .)  
AIAA Journal,  vol. 1, May 1963, p.  1119-1125. 

ing dynamics of a lunar alightment vehicle. 
impactmg vehicle is defined by the classical  Euler ian equations of 
rigid body motion. These equations a r e  integrated numerically by 
the digital  computer to obtain par t icular  solutions. 
cu rves  for a typical lunar vehicle a r e  derived from the par t icular  
resul ts  obtained with this analytical  procedure.  
representing a typical lunar vehicle i s  used in making the analysis.  
This  model incorporates the use of three crushable landing legs  
to accomplish the dissipation of kinetic energy a t  impact.  Included 
i s  a discussion of the alightment concept and the effects of lunar-  
surface character is t ics .  
reported.  

Presentat ion of an analytical procedure that descr ibes  the land- 
The motion of an 

Landing stability 

An idealized model 

The resul ts  of vehicle drop t e s t s  a r e  

A 6 5 1 7 2 3 4  
SURFACE PROPERTIES OF THE MOON. 
E r n s t  J. dpik (University of Maryland, Dept. of Physics ,  College 
Pa rk ,  Md.) 
IN: P r o g r e s s  in the Astronautical Sciences.  Vol. I. Amsterdam, 
North-Holland Publishing Co., 1962, p. 215-260. 
Grant  No. NsG 58-60. 

including the origin of the lunar  c ra t e r s .  
t ies  of the Moon a r e  reviewed. 
surface covered with opaque grains  o r  elevations. 
contrast  of the bright rays and dark spots near  Full  Moon can a l so  
be expiained by a greater or sma i l e r  degree oi roughness of these 
marking.. as compared with the average surface.  The dynamical 
shape of the Moon as characterized by i t s  principal moments of 
iner t ia  would be equivalent to an uncompensated bulge of 1.1 km 
directed toward the Earth, and one of 0.8 km a t  r ight angles in the 
equatorial  plane; it cannot be easily interpreted a s  a "frozen-in" 
fossil  tidal bulge. A rediscussion of old and new observational data 
#how# that, contrary to widespread opinion, the geometr ical  shape 
of the lunar surface ia c loser  t o  spherical  than the dynamical shape 
of the Moon as a whole. The average level of the m a r i a  is 
2.52 t 0.13 k m  below that of the continents. The density of the 
lunar atmosphere,  probably much l e s s  than 10-16 gmlcm3.  can 
exceed that of interplanetary space by two-to-three o rde r s  of 
magnitude a t  most.  It is  an  exosphere of no permanent status,  
ent i re ly  determined by the balance of incoming and incoming and 
outgoing mater ia l .  The lunar dust  layer  equally covers  the mountain 
slope. and the plainm, and cannot pomaeas any appreciable degree of 
fluidity. Its formation and l imited t ranrport  by meteoric  bombard- 
ment a r e  considered. The probable origin and s t ructure  of the 
Moon a r e  discussed from the standpoint of accretion from solid 
fragments.  In the light of the collisional probability theory of accre- 
tion f r o m  fragments,  a consistent model requires  that the Moon 
was formed from a ring of fragments orbiting the Earth,  and not 
direct ly  f rom interplanetary mater ia l .  

56 refs .  

Cri t ical  study of some of the surface propert ies  of the Moon, 
The photometric proper-  

The increase in 
The phase law points to a rough 

A63-17303 
RADIO-BRIGHTNESS DISTRIBUTION. ON THE LUNAR DISK AT 
0.8 CM. 
A. E. Salomonovich and B. Ia. Losovskii  (Academy of Sciences,  
P. N. Lebedev Physics Institute, Moscow, USSR). 
JAstronomicheskii Zhurnal, vol. 39, Nov. -Dec. 1962, p. 1074-1082.) 
Soviet Astronomy, vol. 6, May-June 1963. p. 833-839. 
Translation. 

a t  0 . 8  cm with a radio telescope of high resolving power. 
construction of meridional and equatorial  distributions of the 
constant component of the brightness temperature  shows that a de -  
c rease  takes place in the radiating power f rom center  to l imb, 
corresponding to an effective dielectric permeabili ty 
A comparison of the observed and computed values of the phase lag 
provides support  for a single-layer model. 

11 refs .  

Presentat ion of the resul ts  of the f i r s t  observations of the Moon, 
The 

eff  < 20. 

V. D. Krotikov and V. S. Troi tski i  (Gor'kii Univeraity, Radio- 
physics Scientific Research Insti tute,  Gor 'kii ,  USSR). 
IAstronomicheskii  Zhurnal, vol. 39, Nov. -Dec. 1962, p. 1089-1093.) 
Soviet Astronomy, voi; 6. May-June 1963, p. 845-848. Translation. 

Analysis of accurate  measurements  of the  lunar  radio tempera-  
t u re  averaged over  the disk which lead to a value of the constant 
component a t  3.2 c m  of (210 f 5)OK. Calculation of the emission 
f rom an absolutely black moon for  a temperature  distribution of 
the formYl (+) - cos1/2 4 and the most  probable values of night and 
day surface temperatures  (125O and 39l0K) yield 218OK. I t  follows. 
therefore ,  that a t  A =  3.2 c m  the surface of the moon i s  close to 
being absolutely black. This,  in par t icular ,  may be t rue in two 
limiting cases:  i f  dense lunar rock i# very rough fo r  3.2-cm waves. 
o r  if the su r face  i s  smooth and consis ts  of very porous,  light mate-  
rial. The re  a r e  reasons to consider the lunar  surface to be so 
smooth that F resne l ' s  reflection formulas.st i l1 hold a t  3.2 cm. I t  
then follows f rom experimental  data that the reflection coefficient 
a t  cent imeter  wavelengths is l e s s  than 2% f o r  normal  incidence, a 
dielectr ic  constant for the surface mater ia l  of 1.14 E 6 1.7, and a 
density of 0 . 2 C p  60 .89  gIcm3.  
the values of the dielectric constant and density obtained previously 
f rom other data.  

I 

q 

This  ia in good agreement  with 

A63-17305 
THE EMISSIVITY OF THE MOON AT CENTIMETER WAVE- 
LENGTHS. 
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A 6 5 1 7 3 0 9  
MEASUREMENT OF THE POLARIZATION OF LUNAR RADIO 
EMISSION ON A WAVELENGTH OF 3.2 CM. 
N. S. Soboleva (Academy of Sciences.  Main Aatronomical 
Observatory,  Pulkovo, USSR). 
{Astronomicheskii Zhurnal, vol. 39, Nov. -Dec. 1962. p. 1124-1126.) 
Soviet Astronomy, vol. 6, May-June 1963, p. 873-875. Translation. 

Discussion of l inear  polarization of lunar radio emission oetect- 
ed a t  3.2 cm. The observations were made with the large Pulkovo 
radio telescope. whose directional pattern is,l' x 40' a t  an  altitude 
of loo. 
observed degree of polarization. 
tion i s  obtained on the assumption that thermal  lunar radiation 
suffers  scattering, the effective scattering angle being about 40°. 

The dielectric constant (L = 1.5 - 1.7) is found f rom the 
The best  agreement  with observa-  

A6517314  
EXPERIMENTAL TELEVISION PHOTOGRAPHS OF THE MOON 
IN THE SPECTRAL REGION 0 . 8 - 2 . 3 ~ .  
N. F. Kuprevich (Academy of Sciences,  Astronomical Council, 
Moscow, USSR). 
JAstronomicheskii  Zhurnal. vol. 39. Nov. -Dec. 1962, p. 1136-1138.) 
Soviet Astronomy, vol. 6, May-June 1963, p. 863-8135. Translation. 

Presentation of resul ts  of TV observations of the lunar surface 
in the spectral  region A A  8000-23000, at the Pulkovo Observatory.  
The IR photographs a r e  compared to  those in the visual region ob- 
tained previously by other investigator.. 
IR region there  is an increase in the contrast  of the  photographs 
with increasing wavelength. Details which usually a r e  not visible 
on ordinary photographs a r e  revealed. A hypothesis io made that 
the inc rease  in contrast  and the appearance of new details  on t h e  
lunar image can be explained by a dec rease  of luminescence radia-  
tion in the IP region. 

A 6 5 1 7 6 2 6  
INTERPLANETARY CORRELATION O F  GEOLOCIC TIME. 
Eugene M. Shoemaker,  Robert  J. Hackman, and Richard E. 
Eygleton (U. S. Dept. of the Inter ior ,  Geological Survey, Menlo 
P a r k ,  Calif. ) 
(American Astronautical  Society, Annual Meeting, 7th. Proceedings.  
Dallas,  Tex. ,  Jan. 16-18, 1961. ) 
IN: Advances in the Astronautical  Sciences,  vol. VIII. New York, 
Plenum P r e s s ,  Inc. ,  1963. p. 70-89. 57 refs.  
NASA- supported research.  

correlat ion of geologic t ime, based on the interaction of the solid 
ma te r i a l  of the solar  system by collision. 
of meteoroid impact and i t s  variation with t ime on different planet. 
can be established, the age of rock bodies exposed on their  surface.  
can be est imated f rom the distribution of superimpoaed impact c r a -  
ters .  With cer ta in  assumptions,  this method can be applied a t  the 
present  t ime  to correlat ion between the  E a r t h  and the Moon, and 
should be applicable to  Mars  when high resolution photographs be- 
come available. 

I t  is found that in the 

Exploration of two independent methods fo r  the interplanetary 

F i r s t ,  if the frequency 

A second potential method dependB on the t ransport  
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debris  i rom the Moon and other planets to the Ea r th ,  where the Fie- 
br i s  becomes incorporated in the t e r r e s t r i a l  stratigraphic record.  
In o rde r  to complete the correlat ion i t  is essent ia l  to be able to 
identify the source of the debris.  
possible only at  an advanced stage of space exploration. 
od of impact frequency is i l lustrated by evaluation of the age of the 
lunar .naria.  

It is  indicated that this will be 
The meth- 

A63-176- 
EXPERIMENTS FOR THE UNMANNED SCIENTIFIC EXPLORATION 
O F  THE MOON. 
Newton W .  Cunningham (NASA, Lunar and Planetary Programs.  
hdshington, D. C. ) 
(American Astronautical  Society, Annual Meeting, 7th. Proceedings,  
Dallas,  Tex. ,  Jan.  16-18. 1961.) 
IN: Advances in the Astronautical  Sciences,  vol. VUI. New York. 
Plenum P r e s s .  Inc. I 1963, p. 525-530. 

Discussion of some of the experiments  being considered for 
lunar rough- and soft-landing payloads, together with the type of 
information that would be mos t  qesirable  f rom a lunar orbi ter .  
brief summary of the s teps  necessa ry  in the development of instru-  
mentation for unmanned geologic investieations is a l so  n r r s r n t d  

A 

A 6 3 1 7 9 0 1  
LUNARTOPOGRAPHY. 
Ewen A. Whitaksr (University of Arizona, Lunar and Planetary 
Lab. . Tucson. Ariz. ) ~. , -~~ . 
(American Astronautical  Society, Symposium on Manned Lunar  
Flight; American Association for the Advancement of Science,  
Annual Meeting, 128th. Proceedings,  Denver,  Colo. ,  Dec. 29. 1961.) 
IN: Advances in the Aatronautical Sciences.  Vol. X - Manned 
Lunar  Flight. 
1963. p. 237-250. 

North Hollywood. Calif. , Weatern Periodicals  C o . ,  

Review of the  topographical f ea tu re s  of the visible portion of 
the Moon. 
sified by type, and selected sections of the  visible Burface a r e  i l lus- 
t ra ted.  
photographic techniques. 

A 6 3 - 1 7 9 0 1  
PRELIMINARY INVESTIGATlON O F  LUNAR SURFACE COM- 
MUNIC ATIONS. 
J. P. F e r r a r a  and M. Chomet (Cutter-Hammer.  Inc., Airborne 
Instruments  Lab . ,  Deer P a r k ,  N. Y. ) 

The many characterist ic.  of the lunar su r face  a r e  c l a s -  

Photographs presented have been developed using advanced 

IN: Advances in the Astronautical  Sciences.  Vol. X - Manned 

A 6 3 - 1 7 6 6 0  
RECENT CINEMATOGRAPHIC WORK IN LUNAR PHOTOGRAPHY 
FROM PIC-DU-MIDI. 
ZdenGk Kopal (University of Manchester,  Manchester.  England). 

Dallas,  Tex. ,  Jan.  16-18, 1961.) 
IN: Advances in the ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ ~ l  Sciences, vel. vUI. New York, 
Plenum P r e s s ,  Inc. ,  1963, p. 537-548. 
Contract Nos. A F  61(052)-168, A F  61(052)-380, and A F  61(052)-496. 

(American Astronautical  Society. Annual Meeting. 7th. Proceedings,  calculated as a 
of alstance and frequency. The effects  of 

cusmic noiae. receiver  pa rame te r s ,  and the field intensit ies a r e  
combined in a plot of maximum range v s  frequency for a given 
t ransmit ter  power' 

Lunar Flight. North Hollywood, Cal i f . ,  Western Periodicals  G o . ,  
1963. p. 251-264. 

Presentat ion of the resul ts  of a prel iminary study on the ut i l i -  
zation of medium radio frequencies for beyond-line-of-sight t r ans -  
mission on the surface of the Moon. Ground-wave field intensity i s  

Presentat ion of a method of obtaining high-resolution cine- 
photographs of the lunar surface.  
resul ts  obtained in o r d e r  to determine lunar surface coordinates 
within e r r o r s  of l e s s  than 1 k m  and lunar elevations within 10 in. 

Also given a r e  examples of the  A63-17903  
L U N ~ ~  BASING. 
J~,,,,, ~ ~ ~ i k ~  ( ~ ~ ~ ~ i ~ - ~ ~ ~ i ~ t t ~  carp. , spree ~~~t~~~ ~ i ~ .  , 
Baltimore,  Md. ) 

A63-17662 
RADAR MEASUREMENTS O F  THE LUNAR SURFACE. 
C. H. Pettengill  and J .  C. Henry (Massachusetts Insti tute of Tech- 
nology, Lincoln Lab. ,  Lexington, Mass.)  
(American Astronautical  Society, Annual Meeting, 7th. Proceedings,  
Dallas,  Tex..  Jan.  16-18, 1961.) 
IN: Advances in the Astronautical  Sciences.  vol. VIII. New York. 
Plenum P r e s s ,  Inc. ,  1963. p. 564-570. 13 refs .  
USAF-Army-Navy- supported research.  

Presentation of  the resul ts  of some recent  measurements  of the 
radio-echo power scat tered by the lunar  surface.  The measurement8 
a r e  made at  440 Mc using a parabolic reflector 84 feet in diam. and 
a peak t ransmit ted power of approximately 2. 5 Mw. Subject to sev-  
e r a l  assumptions,  the measurements  a r e  shown to be consistent with 
a surface dielectr ic  constant of 2 . 8 .  which corresoonds aooroximate- 

(American Astronautical  Society. Symposium on Manned Lunar 
Flight;  American AssociatKn for the Advancement of Science,  
Annual Meetinn. 128th. Proceedings,  Denver,  Colo. ,  Dec. 29, 1961.) 
IN: Advances in the Astronautical  Sciences.  Vol. X - Manned 
Lunar Flight. North Hollywood, Calif . ,  Western Periodicals  G o . ,  
1963. p. 265-278. 

manned bases  on the Moon, with par t icular  emphasis  on shel ter  
design and construction. 
requirements  and lunar environment a r e  evaluated. Three  bamic 
type8 of shel ter  systems a r e  discussed: above-ground, covered,  
and tunneled. It 11 concluded that,  although addltional information 
about the lunar environment is  needed, enough data  a r e  available to 
begin the r e sea rch  and development phase of a permanent Moon 
base. 

Discussion of factors  t o  be conmidered in planning permanent,  

P rob lems  posed by lunar mission manning 

.. 
ly to the bulk value for sand. 
about 5% of the su r face  i s  rough to the scale  of 68 cm. 
ments of the depolarization of the scat tered energy offer verification 
of the surface propert ies .  

Additionally, i t  is deduced that only 
Measure-  A6317904 

LUNAR EXPLoRAT1oN VEHICLES AND 
J. E. Froehlich and Allyn B. Hazard (Space General  C o r p . ,  
Glendale. Calif. I 
(American Astronautical  Society, Symposium on Manned Lunar 
Flight; American Associatioh for the Advancement of Science,  
Annual Meetinn, 128th. Proceedings,  Denver,  Co lo . ,  Dec. 29. 1961.) A 6 5 1 7 8 3 4  

AN ATTEMPT AT A PHOTOMETRIC STUDY O F  THE NATURE O F  IN: Advances in the Astronautical Sciences.  Vol. X - Manned ~~ 

DETAILS ON THE SURFACE O F  THE REMOTE SIDE OF THE 
MOON. 
A. V.  Markov and IS. E. Shchegolev. 
(lskusstvennye Sputniki Zemli,  no. 9, 1961. p. 48. ) 
Planetary and Space Science, vol. 11. May.1963, p. 549-551. 
Translation. 

Photometr ic  study of pictures  of the Moon' s remote side. 
Photometric measu remen t s  a r e  made diametrically t r ansve r se  t o  
the "intensity equator" in the direction of the television scanning 
l ines  and t r ansve r se  to them. Within the l imits  of the photometry. 
i t  can be supposed that  the remote side of the Moon is essentially 
the same a s  i ts  n e a r  side with regard to the degree of erosion v i s i -  
ble and the range of graduation of the reflectivity of its details. 

Lunar  Flight. North Hollywood, Calif. , Western Periodicals  C o . ,  
1963, p. 279-302. 

Discussion of the design objectives and underlying assumptions 
for a functional manned lunar exploration vehicle. Possible  means 
of locomotion a r e  discusled.  including the use of walkers ,  hoppers ,  
and hover rockets.  Probable types of prime mover s ,  and equipment 
requirements  for life support ,  communications,  and surface n a t i -  
gation i y s t e m s  a r e  diecussed. 
rationa a r e  described. 

Several  l ikely moonmobile configu- 

A 6 3 - 1 7 9 7 0  
TFERMAL PROPERTIES O F  A SIMULATED LUNAR MATERIAL 
IN AIR AND IN VACUUM. 

49 
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E. C. Bernet t ,  H. L. Wood, L. D. Jaffe. and H. E. Martens 
(California lnsti tute of Technology. Jet  Propulsion Laboratory,  
Pasadena,  Calif .  ) 
AI44 Journal,  vol. 1, June 1963, p. 1 4 0 2 - 1 4 0 7 .  I2 refs .  
Contract No. NAS 7-100.  

Evaluation of the properties of a powdered rock simulating the 
postulated lunar surface mater ia l  in order  to measu re  the effects of 
vacuum on the thermal  diffusivity and conductivity of rock powder. 
The the rma l  diffusivity and the rma l  conductivity for a crushed oliv- 
ine basalt  a r e  determined from transient-s ta te  data. Values a r e  
obtained over  a tempe ature range of -100' to 200°C in vacuums 
of 5 x and 5 x IO-' mm Hg. This i s  approximately 100 t imes 
lower than the values obtained for  the same  mater ia l  measured a t  
a tmospheric  pressure.  
c r e a s e s  the the rma l  conductivity by approximately 60% in both a i r  
and vacuum. Over the range studied, the tes t  temperature  has  ve ry  
l i t t le effect  on thermal  conductivity in a i r  but shows more  of an e f -  
fect  when the ma te r i a l  is placed in a vacuum. 

Increasing the density to 1. 57 g / c m 3  in- 

A63-17967 
FLOW FIELD O F  AN EXHAUST PLUME IMPINGING ON A SIMU- 
LATED LUNAR SURFACE. 
Donald W. Eastman and Leonahd P. Radtke (Boeing Go., Aero- 
Space Div., Seattle, Wash. ) 
AIAA Journal,  vol. 1, June 1963. p. 1430, 1431. 

Presentat ion of a method for calculating the exhaust-plume 
flow field which i s  l e s s  restricted than the method presented by 
Roberts.  
and a l so  with Roberts '  results.  
ment exis ts  between theory and experiment,  while Roberts '  r e su l t s  
a r e  l e s s  valid for lower descent heights. 

Theoret ical  results a r e  compared with experimental  data,  
It is  found that excellent agree-  

A63-16133 
THE LUNAR SURFACE CONTROVERSY. 
David Rostoker and John Lamb (Arthur D. Little. h c . ,  Cambridge, 
Mass.  ). 
Industrial  Research,  vol. 5. May 1963, p. 23-27. 

of the lunar surface.  
f ea tu re s  of the su r face  - the mar i a  and c r a t e r s  - a r e  of volcanic 
origin o r  f rom meteoric impact, is considered. The two major  
models proposed to describe the lunar surface a r e  briefly analyzed. 
These a re :  (1) the surface consists of meteor  slag,  and ( 2 )  i t  i s  
covered with a layer  of fine dust.  
outlined, and a typical section of such a map i s  presented. 
mation coacerning the surface obtained f rom radar  o r  echo studies,  
f rom the rma l  radiation measurements ,  and f rom illumination meas -  
urements ,  i s  discussed. The problems involved in man'  s adapta- 
tion to the lunar atmosphere a r e  summarily considered. 

Review of the information and hypotheses advanced on thenature  
The controversy over whether o r  not the major 

Methods of lunar mapping a r e  
Infor- 

A63-16166 
NEW TYPE RADAR PROBlNG SURFACE O F  MOON. 
Philip J. Klass. 
Aviation Week and Space Technology, vol. 78, May 6. 1963, 
p. 91. 

used to probe the lunar surface.  The new equipment, operating at  
8.6-mm wavelength and using a 28-ft-diam. precision antenna, 
achieves a beamwidth of only 4.3 min of a rc ,  which corresponds to 
an a r e a  roughly 2 5 0  miles a c r o s s  on the lunar surface.  
reflections f rom the lunar surface,  obtained at  a frequency of 
35,000 Mc, indicate that the surface i s  fa i r ly  rough with respect  to 
the dimensions of the waves employed. 

Brief  description of a high-resolution r ada r  telescope being 

F i r s t  r ada r  

A 6 3 4 8 3 7 1  
THE MOON. 
Edited by ZdenGk Kopal (University of Manchester,  Manchester.  
Englane) dn-d Zdenka Kadla Mikhailov (Main Astronomical Obser-  
vatory,  Pulkoco. USSR). 
JInternational Astronomical Union, 
USSR. Dec. 1960.) 
New York, Academic Press ,  Inc. ,  1962. 
$19.00. 

Sylmposium. 14th. Pulkovo, 

571 p. 

Collection of papers  dealing with lunar  investigations,  including 
theoretical  and experimental  studies,  in the fields of (1) rocket 
exploration; (2) selenodesy and mapping of the Moon; (3) the origin,  
internal s t ructure ,  and surface of the lunar globe; (4) phyrical  
studies of the lunar surface;  and (5) radio observation. of the Moon. 
Included is a foldout map covering a character is t ic  portion of the 
lunAr surface to a scale  of 1: 1,000,000. 
of Russian investigations. a s  well a s  others ,  in the field of lunar 
radioastronomy and of the far  side of the Moon. An account of the 
gas  outburst  f r o m  the c ra t e r ,  Alphonsus, is a l so  given. 
a r e  individually abstracted and indexed in this issue.  

Presented a r e  accounts 

The papers  

A63-18372 
THE REVERSE SIDE O F  THE MOON. 
A. A. Mikhailov (Main Astronomical Observatory,  Pulkovo, USSR). 
Qnternational Astronomical Union, Symposium, 14th. Pulkovo, 
USSR, Dec. 1960.) 
IN: The Moon. New York. Academic P r e s s .  Inc.. 1962, p. 3-6. 

Qnternational Astronomical Union, Symposium, 14th. Pulkovo, 
USSR, Dec. 1960.) 
IN: The Moon. New York. Academic P r e s s .  Inc.. 1962, p. 3-6. 

Brief  consideration of the information gleaned concerning the 
r eve r se  side of the Moon f rom the flight of Lunik 3 (1959 Theta).  
Briefly outlined i s  the type of equipment ca r r i ed  by the space vehi- 
cle,  i t s  method of photographing the lunar surface,  and the means 
of transmitt ing the data to Earth.  The best  method for deciphering 
the pictures  obtained consis ts  of the preparation of several  photo- 
me t r i c  c r o s s  sections from each f r a m e  fo r  various density values.  
The method of compiling the "Atlas of the Far Side of the Moon" 
i n  noted. Considered a r e  the major  differences between the visible 
aide and the far  side of the Moon, including the scarci ty  of. s e a s  on 
the la t ter .  

A63-16373 
A STUDY O F  PHOTOGRAPHS O F  THE FAR SIDE O F  THE MOON 
AND DESCRIPTION O F  SINGULAR FEATURES REVEALED ON 
ITS SURFACE. 
Y. N. Lipsky (Shternberg Astronomical Insti tute,  Moscow, USSR). . .  
IInternational Astronomical Union, Symposium, 14th. Pulkovo, 
USSR, Dec. 1960.) 
IN: The Moon. New York. Academic P r e s s .  Inc.. 1962, p. 7-23. 

Consideration of  the interpretation and designation of the 
features  of the far  side of the Moon as  seen f r o m  photographs taken 
from Lunik 3 (1959 Theta).  The conditions that had to be taken into 
account in selecting the initial moment of illumination (what region 
should be photographed and what should be the phase of the Moon in 
relation to  the rocket)  a r e  discussed. Methods of detecting the 
features  shown on the photographs a r e  descr ibed,  includmg sirnul- 
taneous superposit ion of negatives,  photographic masking, and 
photometric c r o s s  sections,  which i s  found to be the mos t  valuable. 
Photographs of photometric c r o s s  sections a r e  presented and ana -  
lyzed. The new formations found a r e  divided into three categories  
according to their  degree of authenticity. Considered a r e  some of 
the p r imary  features  found, including the Mare  Marginis,  Australe,  
and Humboldtianum. and var ious c r a t e r  formations.  It is shown 
that the objects si tuated on the far side of the Moon do not differ  in 
nature  o r  s t ructure  f rom those on the visible side. The regions 
occupied by c r a t e r s  with a high reflectivity apparently occupy the 
major  pa r t  of the surface.  
and mountain formations is noted. 

The presence of centers  of ray systems 

A63-18374 
SCHEMATIC CHART O F  THE FAR SIDE O F  THE MOON. 
I. I. Breido and D. E.  Shchegolev (Main Astronomical Observatory,  
Pulkovo, USSR). 
(International Astronomical Union, Symposium, 14th. Pulkovo. 
USSR. Dec. 1960.) 
IN: The Moon. New York, Academic P r e s s ,  Inc., 1962. p.  25-38. 

Presentat ion of a schematic char t  which shows the approximate 
distribution of the brightness of 107 f ea tu res  on the marginal v i s ih lc  
side of the Moon, and on i ts  far  side,  a s  detected by photographs 
taken by Lunik 3 (1959 Theta).  Analysis of the photographs, and the 
methods employed f o r  drawing up the chart ,  a r e  outlined. On three 
prel iminary cha r t s  a r e  plotted only the features  whose f o r m  and 
- location corncided on not l e s s  than two photographic f r ames ,  and by 
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comparing these cha r t s  with each other ,  the schematic char t  is  con- 
structed.  
such as the large c r a t e r  Giordano Bruno and the Soviet Mountain 
range. 

Briefly discussed a r e  the par t icular ly  striking features.  

A63-1837s 
PROBABLE STRUCTURE AND NATURE OF THE FORMATIONS 
ON THE REVERSE SIDE O F  THE MOON ACCORDING TO PHOTO- 
METRIC MEASUREMENTS OF LUNAR PHOTOGRAPHS. 
A. V .  Markov (Main Astronomical Observatory.  Pulkovo. USSR). 
(International Astronomiual Union, Symposium, 14th, Pulkovo, 
USSR, Dec. 1960.) 
IN. The Moon. New York. Academic P r e s s .  Inc.. 1962. D .  39-44. 
- 

- .  
Brief  consideration of the s t ructure  of the far  side of the Moon 

a s  suggested by photographs taken by Lunik 3 (1959 Theta). Because 
the photographs a r e  obtained without photometric calibration, they 
a r e  calibrated by taking into account the brightness of ten details of 
the hemisphere of t h e  Moon visible f r o m  the Earth.  I t  is  seen that  
the r eve r se  side of the Moon, just  like the visible side,  a t  full 
phase, is  character ized by no darkening toward the limb. 
the determinations of the reflectivity of 16 objects,  it is  s h w n  that 
the r eve r se  side of the Moon has  few seas ,  a large continental 
plateau with reflecting capacity s imilar  to that on the visible side,  
and some radiation c r a t e r s  and radiation systems s imilar  in albedo 
to the Tycho-Kepler systems.  

Based on 

A63-18377 
DEFINITION O F  THE CENTER OF THE MOON AND OF A 
REFERENCE SURFACG (DEFINITION DU CENTRE DE LA LUNE 
ET D'UNE SURFACE DE REFERENCE]. 
Th. Weimer (Observatoire de P a r i s ,  Meudon, Seine-et-Oise,  
Francel.  

I -  

Jlnternational Astronomical Union, Symposium, 14th. Pulkovo. 
USSR, Dec. 1960.) 
IN: The Moon. New York. Academic P r e s s ,  Inc., 1962, p. 55-58. 
In French. 

Outline of a method for finding the center  of the Moon by su-  
perimposing surface prof i les  f r o m  various maps and taking the mean 
values of these prof i les  as the desired position. 
profiles a r e  presented, as is a sketch of the complete surface of 
the Moon found by this method. 
tence of a permanent  deformation a t  14O. 
mined is discussed in t e r m s  of the Yakovkin effect. 

Representative 

One interesting resul t  i s  the exis-  
The surface thus deter-  

A 6 3 - 1 U 7 0  
THE U.S. NAVAL OBSERVATORY SURVEY O F  THE MARGINAL 
ZONE O F  THE MOON. 
C. B. Watts (U.S. Naval Observatory.  Washington, D.C.). 
ynternat ional  Astronomical Union, Symposium, 14th. Pulkovo, 
USSR, Dcc. 1960.1 
IN: The Moon. New York. Academic P res s .  Inc.. 1962. D. 59-61. - .  

Brief outline of the methods used fo r  drawing up charts  of the 
lunar marginal zone, based on 700 photographs taken on 503 nights. 
The usual procedure of fitting a c i rcular  a r c  to each profile i s  
followed to obtain a representation of the outline of a preliminary 
spherical  datum surface.  Measured elevations a r e  scaled from 
the prof i les  fo r  each 0. Lo of posltion angle and adjusted to the scale  
of the Moon at  mean distance. Each chart  i s  intended to indicate 
the elevations to be found on the l imb of the Moon a t  a designated 
position angle. Representative data a r e  presented in a curve show- 
ing the normal  apparent gradients to be found in position angle 
159.6O. 

A63-18379 
A STUDY O F  THE FIGURE O F  THE MOON FROM PHOTOGRAPHS 
O F  THE FULL MOON. 
H. 1. Potter  (Main Astronomical Observatory.  Pulkovo, USSR). 
I lnternational Astronomical Union, bymposium, 14th, Pulkovo. 
USSR, Dec. 1960.) 
IN. The Moon. New York, Academic P r e s s ,  Inc. ,  1962, p. 63-66. 

of the general  f igure of the Moon. The following method i s  adopted 
Outline of a method for checking the available char ts  and models 
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through 180 points of the l imb, the best-fi t  c i r c l e  i s  drawn (i.e., 
i t s  radius and the coordinates of the center  a r e  drawn). This  is 
repeated fo r  half of the lunar disk, rotated through Iso. until the 
ent i re  c i rcumference i s  covered. As a resul t ,  24 systems of values 
a r e  obtained for the radi i  and coordinates of the cen te r s  of the best-  
fit c i r c l e s  corresponding to different pa r t s  of the limb. If these o r  
any other correct ions accurately character ize  the general  f igure of 
the Moon, then all  the 24 values of x, y, r ,  should coincide with 
each other.  The sys t ems  of 24 x, y, r values a r e  obtained in five 
combinations: 
according to Yakovkin. (3) with correct ions according to Nt,fedyev' s 
cha r t s .  (4) with correct ions according to  Hayn' 5 cha r t s .  and ( 5 )  
with correct ions corresponding only to the obtained ell iptical  model. 

(1) without any correct ions.  (2) with correct ions 

A63-18381 
THE PRECISION OF THE DISTANCES OF A CRATER TO THE 
CENTER O F  THE LUNAR GLOBE AS A FUNCTION O F  THE 
PRECISION O F  THE MEASUREMEN T5 [PKtClslWN VEb DIbTANCES 
"CRATERE-CENTRE GLOBE LUNAIRE" EN FONCTION DE LA 
PRECISION DES MESURES]. 
Th. Weimer (Observatoire de P a r i s ,  Meudon, Seine-et-Oise,  
France) .  
Jlnternational Astronomical Union, Symposium, 14th, Pulkovo. 
USSR, Dec. 1960.L 
IN: The Moon. New York. Academic P r e s s ,  Inc., 1962. p. 79-84. 
In French.  

Presentation of a detailed table of the major  c r a t e r s ,  as mea-  
surcd on the plates uf Markowitz. listing the ndmcs, coordinates. 
diameters .  and brief r emarks  concerning the surface cha rac t e r i s -  
t ics  of each c ra t e r .  In drawing the table i t  is assumed that the li- 
brations and necessary pa rame te r s  a r e  known without e r r o r .  A 
formula is  presented from which the definition of the distance of 
a c r a t e r  from the center  of the Moon i s  determined. The formula 
i s  discussed in t e r m s  of the e r r o r  in experimental  measurements .  

A63-18382 
LUNAR MULTIANGULAR STATISTICAL ADJUSTMENT (A GEO- 
METRICAL APPROACH TO LUNAR CONTROL). 
Donald H. Eckhardt (Ohio State Univer;ity, Columbus, Ohio) and 
Mahlon S. Hunt (USAF. Research Laborator ies ,  Bedford. Mass.  ). 
(International Astronomical Unlon, Symposium, 14th. Pulkovo. 
USSR, Dec. 1960.) 
IN: The Moon. New York, Academic P r e s s ,  Inc., 1962. p. 85-100. 

Estimation of the relative locations of a number of control 
points on the su r face  of the Moon by geometr ic  means,  independent 
of physical lunar theory,  Given a s e r i e s  of lunar photographic 
plates.  taken at  various l ibrations,  with the same lunar features  
such a s  bright spots o r  c r a t e r l e t s  that a r e  located on mos t  plates ,  
then, with cer ta in  assumptions,  the method of maximum likelihood 
is applied to effect a rnultiangular adjustment.  
tion i s  that there  a r e  no systematic  e r r o r s  in the projection of the 
Moon on the plates.  o r  that  such e r r o r s ,  i f  they exis t ,  can be r e -  
moved. Fo r  example,  compensation may be made f o r  differential  
as t ronomical  refraction, but photographic e r r o r s  such a s  i r r ad ia -  
tion and emulsion instabil i ty cannot be handled. 
some of the problem a r e a s  which may r e su l t  i f  the presently 
available lunar source mater ia ls  a r e  used to t ry  to perform f i r s t -  
o rde r  selenodetic investigations,  including c ra t e r l e t s  vs bright 
spots,  random e r r o r s ,  and systematic e r r o r s .  

One major  a s sump-  

Considered a r e  

A6348383 
ON THE PROBLEMS O F  SELENODETIC PHOTOGRAMMETRY. 
D. W. G. Arthur (University of Arizona. Lunar  and Planetary 
Laburdtury.  I 'uison. A r u . ) .  
(International Astronomical Union. Symposium, 14th. Pulkovo, 
USSR, Drc.  1960.L 
IN: The Moon. New York. Academic P r e s s ,  Inc., 1962. p. 101-106. 

Brief consideration of the two major  selenodetic problems. 
Discussion of the determination of the geometr ical  f igure of the 
Moon outlines an analytica! for=.-!ario.? !or the coordination of the 
lunar surface f r o m  the photographic measurements  alone, m t e r m s  
of 3-vectors and dyadics. The case which i s  s imi l a r  to Fourcade'  s 
correspondence theorem i s  briefly considered. It is pointed out 
that the lunar photograph is virtually an orthographic projection, 
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and i t  is shown mal the solution fo r  two plates i s  indeterminate Ior 
orthographic pictures.  Discussion of the second selenodetic p ro -  
blem, that of the determination of the rotation constants of the 
Moon. outlines two possible approaches for stating the  observation 
equations in term. of the rectangular coordinate. of the points in 
the plane of the image, without reference to the limb, o r  a t  l ea s t  
in such manner that the l imb plays a purely secondary role.  

A6348384 
DETERMINATION OF HORIZONTAL AND VERTICAL CONTROL 
POINTS FOR LUNAR MAPPING. 
Marvin Q. Marchant (U.S. Army,  Corps of Engineers ,  Washington, 
D.C.). 
@ternational Astronomical Union, Symposium, 14th. Pulkovo. 
USSR, Dec. 1960.) 
IN: The Moon. New York, Academic P r e s s ,  Inc., 1962, p. 107-111. 

Brief consideration of methods for determining the horizontal 
and ver t ical  control points for lunar mapping. in o rde r  to a s s u r e  
that the ent i re  surface which is visible f rom the Ea r th  may be shown 
in detail  and with greater  accuracy than that of any existing maps.  
Recently available lunar photography and standard stereo-photogram 
met r i c  equipment is used in performing tes ts  made with photographs 
of sphe res  scaled to the base-height ra t io  of the lunar photographs. 
T e s t s  indicate that the lunar surface can be adequately controlled 
by having a distribution of control pomts over the surface such that 
there  is a t  least  one control point per  sector  having an a r e a  equal 
to that of a IOo x loo square of the equator of the Moon. A modified 
stereographlc projection of that portion of the Moon which is visible 
f rom the surface of the Ea r th  is presented, and i t s  mappmg d i s -  
cussed. 

A63-I8385 
A PHOTOGRAPHIC MAP O F  THE MOON. 
D. W. C. Arthur and E. A. Whitaker (University of Arizona, 
Lunar  and Planetary Laboratory, Tucson, Aria. ). 
(International Astronomical Union, Symposium, 14th, Pulkovo, 
USSR, Dec. 1960.) 
IN: The Moon. New York. Academic P r e s s ,  Inc., 1962, p. 113-115. 

Brief description of the method used in the production of an 
at las  of large-scale  lunar photographs carrying the standard ortho- 
graphic map gr id  a t  intervals of 0.1 of the lunar radius.  The gr id  
i s  baaed on the position catalogs of Franz and Saunder,  and a l so  on 
some  unpublished l is ts  by Arthur. 

A 6 3 4 8 3 8 6  
LUNAR CHARTING ON THE SCALE 1 : 1,000,000. 
Robert  W. Carde r  (USAF, Aeronautical Chart  and Information 
Center ,  St. Louis, Mo.). 
[International Astronomical Union, Symposium, 14th. Pulkovo, 
USSR, Dec. 1960.) 
IN: The Moon. New York. Academic P r e s s ,  Inc., 1962. p. 117-129. 

Description of the production of a 1 : 1,000,000 scale  cha r t  on 
Briefly reviewed is some of the Moon, called the Kepler Chart. 

the lunar cartographic history. The ent i re  cha r t  measu res  56 x 73 
c m ,  with 1 c m  representing about 10 km on the Moon. A significant 
aspect  of the cha r t  is the fact  that i t  establishes 300-m contours on 
the lunar surface.  Surface features a r e  shown by a combination of 
shaded relief. contours. and tones representing surface color var ia .  
tions. 
jector ,  adopted for rectification of lunar photographs, is briefly 
descr ibed.  
control a r e  outlined. Single microdensitometer t racings a r e  used 
when the objective is to find the height of a peak o r  the depth of a 
sma l l  c r a t e r  on the lunar surface.  

The instrument,  identified as the Variable Perspect ive P r o -  

Methods of determining elevations and basic  horizontal 

A6348387 
THE ORlGlN O F  THE MOON AND ITS RELATIONSHIP TO THE 
ORlCIN OF THE SOLAR SYSTEM. 
Harold C. Urey (University of California a t  San Diego. La  Jolla, 
Calif. ). 
anternat ional  Astronomical Union, Symposium, 14th. Pulkovo, 

USSR, Dec. 1960.1 
IN: The Moon. New York, Academic P r e s s .  Inc.. 1962. P. 133-148. 
26 refs .  

or i tes ,  the varying densit ies of the planeta, the origin of the Moon, 
and radioactive heating of the meteori tes  by short-l ived radioactive 
nuclides. 
bombardment and the capture fuel  composition of the Moon. 
cussed in detail  is the development of a flat  nebula composed of 
solar  proportions of the element.. assuming that  the solids do  not 
modify ser iously the behavior of the gaaes ,  which a r e  moatly mo- 
lecular  hydrogen and helium in the rat io  of 4 to  l. Such a nebula 
would be subjected to fo rces  f rom the Sun and i t s  own gravitational 
field. If both these l ields a r e  included, complicated solution. a r e  
secured. Using the nusmive nebula postulated. the solar field is 
neglected. Evidence s u g ~ e s t a  that  the Moon has  a composition 
differing in i ron content from the compositions of the  t e r r e s t r i a l  
planets,  and very s imi l a r  to that of the nonvolatile fraction of the 
Sun. 

Presentat ion of arguments  concerning the Btructure of mete -  

Briefly considered is the duration of the  intense lunar 
Dis-  

A63-18390 
THE GEOSCIENCES APPLIED T O  LUNAR EXPLORATION. 
J .  Green (North American Aviation, Inc.. Space and Information 
Systems Division, Space'Sciences Laboratory,  Downey. Calif.). 
(International Astronomical Union, Symposium, l l th ,  Pulkovo, 
USSR, Dec. 1960.) 
IN: The Moon. 
126 refs .  

lunar exploration, in t e r m s  of t e r r a in ,  rocks,  minerals ,  power, 
and tools. It is seen that, by understanding the p rocesses  which 
formed cer ta in  features  on Earth,  the pdvantages of impacted and 
volcanic t e r r a ins  on the Moon can be realized. A lunar t e r r a in  
would offer more natural  protection to  man. Volcanic rocks would 
a l so  be more usefubto the lunar as t ronaut  than meteori t ic  rock 
because of the adaptability of cer tain volcanic ma te r i a l s  fo r  insula-  
tion, and because their  water  content is much higher.  

New York. Academic P r e s s ,  Inc., 1962, p. 169-257. 

Detailed discussion of the application of geosciences to manned 

AM-18391  
ON MOON VOLCANISM. 
N .  Bonev (University of Sofia, Astronomical Insti tute.  Sofia. 
Bulgaria). 
Onternational Astronomical Union. Symposium, 14th, Pulkovo. 
USSR, Dec. 1960.) 
IN: The Moon. New York, Academic P r e s s ,  Inc.. 1962. p. 259-262. 

Brief consideration of the fact  that the distribution of the c r a t e r s  
over  the eastern and the western halves of the Moon does not support  
the meteorit ic hypothesis of the origin of the lunar c ra t e r s .  
viewed is an mvestigation of the visible c r a t e r s  which showed that 
there a r e  more c r a t e r s  on the f i r s t  qua r t e r  than on the l a s t  quarter .  
An al ternate  hypothesis to explain the origin of the c r a t e r s  i s  con- 
sidered. which involves the internal force of planetary bodies. 

Re-  

A63-18392 
SPECTROSCOPIC PROOFS FOR EXISTENCE OF VOLCANIC 
PROCESSES ON THE MOON. 
N. A. Kozyrev (Mam Astronomical Observatory,  Pulkovo. USSR). 
Jlnternational Astronomical Union, Symposium, 14th, Pulkovo. 
USSR, Dec. 1960.) 
IN: The Moon. New York. Academic P r e s s ,  Inc. ,  1962, p. 263-271. 

Consideration of the resul ts  of spectral  investigations of the 
lunar surface,  emphasizing that of the c r a t e r  Alphonsus. Data of 
emission spec t r a  presented show that the gases  present  consis t  of 
complex molecules,  producing a weak emission,  which escaped 
f r o m  the central  peak of Alphonsus. It i s  conjectured that the cen- 
t r a l  peaks of lunar c r a t e r s  may be of an origin s imi l a r  to that of 
the cones of t e r r e s t r i a l  volcanoes and, consequently. a r e  gradually 
accumulated formations.  
s imi l a r  to calderas  of t e r r e s t r i a l  volcanoes, formed by subsidence 
due to the depletion of magnatic seat .  The observations reveal  that  
the Moon has an internal energy sufficient for mountain-forming 
proCebSCS. 

The outer c r a t e r s  themselves may be 
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A63-18393 
MICROPHOTOMETRIC ANALYSIS O F  THE EMISSION FLARE IN 
T H E R E G I O N O F T H E C E N T R A L P E A K O F T H E C R A T E R  
ALPHONSUS ON 3 NOVEMBER 1958. 
A. A. Kaliniak and L. A. Kamionko (Main Astronomical Obser-  
vatory,  Pulkovo, USSR). 
ynternat ional  Astronomical Union, Symposium, 14th, Pulkovo, 
USSR, Dec. 1960.) 
IN: The Moon. New York. Academic P r e s s ,  Inc., 1962, p. 273-287 

Microphotometric analysis of the spectrum obtained by Kozyrev 
and Eze r sky  of the central  peak of the c r a t e r  Alphonsus. I t  is 
shown that (1) the emission is produced by a fluorescent gas under 
the action of so la r  radiation; ( 2 )  there  is a numbei  of secondary 
maxima on the intensity distribution curve agreeing well  in position 
with the molecular bands of the Swan system; (3) the absence of 
the resonance emission band ( 0 - 0 )  and the uncertain appearance of 
the band (1-0) can be explained by the presence of the bright back- 
ground of the surface of the Moon, and the relatively low value of 
the kinetic temperature  of the plasma in  which the observed phe- 
nomenon occured; and (4) there  is no evidence of thermal  emission 
in the flare spectrum of the central  peak. 

A 6 3 4 8 3 9 4  
STRATIGRAPHIC BASIS FOR A LUNAR TIME SCALE. 
Eugene M. Shoemaker and Robert  J. Hackman (US. Geological 
Survey, Menlo Pa rk ,  Calif., and Washington, D.C.). 
JInternational Astronomical Union, Symposium, 14th. Pulkovo. 
USSR, Dec. 1960.) 
IN: The Moon. New York, Academic P r e s s ,  Inc., 1962, p. 289-300. 
12,refs. 
NASA-supported r e sea rch .  

character is t ics  of the overlapping s e r i e s  of deposits surrounding 
the major  lunar c r a t e r s ,  in o rde r  to outline the broad framewoik 
of a lunar t ime scale.  A region around the c r a t e r  Copernicus i s  
selected for init ial  investigation, because i t  is favorably located 
nea r  the center  of the lunar disk, and is one where the relative 
succession of many st rat igraphic  units can be worked out. The 
mater ia ls  descr ibed a r e  grouped into five stratigraphic subdivisions, 
which, f rom oldest  to youngest, a r e  (1) pre-Imbrian mater ia l ,  ( 2 )  
the Imbrian system, (3) the Procel lar ian system, (4) the Era tos -  
thenian system, and (5) the Copernican system. Presented are a 
map showing the physiographic divisions of the Moon and a gener-  
alized photogeological map of the Moon. 

Brief description of the stratigraphic relations and surface 

A63-IO396 
PHOTOGEOLOGIC STUDY O F  THE MOON. 
Arnold C. Mason and Robert  J .  Hackman (U.S. Geological Survey, 
Washington, D.C.). 
ynternat ional  Astronomical Union, Sympoaium, 14th. Pulkovo, 
USSR, Dec. 1960.) 
IN: The Moon. New York, Academic Pres., h c . ,  1962, p. 301-315. 

shown on a generalized photogeologic map of the Moon and a map 
showing the physical divisions of the Moon, which were compiled 
using a photomosaic in orthographic projection at an approximate 
scale  of 1 : 3,800,000, p r io r  to completion of the lunar topographic 
map. Outlined a r e  (1) the lunar highland.. including the h b r i u m -  
Serenitatia mountains and the Central  rad Southern, the Criaium- 
Fecunditatis. and the Northern Highland.; and (2) the lunar lowlanda, 
including the Midlunar. the Northern,  the Australe,  and the Aestatio 
Lowland.. 
moat viaible c r a t e r s  on the Moon a r e  the resul t  of meteoric  impact,  
although some  c r a t e r s  and other features  a r e  interpreted aa volcanic 
in origin, and a r e  so distinguished where possible on the photogeo- 
logic map. 

Presentat ion of the mos t  probable interpretation. of the area. 

The study is seen to lend support  to the suggeation that 

A 6 5 W 3 9 6  
SOME SYSTEMATIC VISUAL LUNAR OBSERVATIONS. 
D. W. G. Arthur  (University of Arizona, Lunar and Planetary 
Laboratory,  Tucson, Ariz.) .  
@International Astronomical  Union, Sympoaium. 14th, Pulkovo, 
USSR. Dec. 1960.) 
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IN: The Moon. New York. Academic P r e a a ,  Inc., 1962, p. 317-324. 
Brief review of the features  obaerved on the Moon by carto- 

graphic and topographic studies in o rde r  to supplement the defective 
resolving pow& of available photograph.. The obaerver  a tar ta  with 
the photograph as a base,  adds detail. which a r e  miasing, and 
sharpens up those detai ls  which a r e  hazy or doubtful in the photo- 
graphic image. 
r i l les,  faults. dome., and m a r e  ridges.  

Outlmed a r e  the resul ts  of observations of c r a t e r s ,  

A63-18397 
HIGH-RESOLUTION PHOTOGRAPHS OF SOME LUNAR AREAS 
[PHOTOGRAPHIES A GRANDE RESOLUTION DE CERTAINES 
REGIONS LUNAIRES]. 
Audouin Dollfus (Obse’rvatoire de Paris, Section d‘ Astrophyaique. 
Meudon, Seine-et-Oise,  France) .  . 
JInternational Astronomical Union, Symposium, 14th. Pulkovo, 
USSR, Dec. 1960.) 
IN: The Moon. New York, Academic P r e s s .  Inc.. 1962. D. 325-342. 
In French. 

cluding Ariati l lus,  Inghirami,  the region surrounding Maurolycua, 
Ptolemaeua, Grimaldi.  Fracastor ius ,  Wargentin. Trieanecker ,  
Hyginua, Byrgiua. and Alphonsua. The photograph. h v e  been m d e  
f rom 1944 to the present .  and a r e  described in t a rma  of the im- 
provement of photographic techniques and of the refinements in 
theories concerning the formations as the techniques were im-  
proved. 

Presentat ion of photographs of different  lunar  formations in- 

A 6 3 4 0 3 9 8  
CINE PHOTOGRAPHY OF THE MOON FROM PIC-DU-MIDI. 
2den;k Kopal and Thomas W. Rackham (University of Mancheater,  
Dept. of Astonomy. Manchester,  England). 
(International Astronomical Union, Symposium, 14th. Pulkovo, 
USSR, Dec. 1960.) 
W: The Moon. New York, Academic P r e s s .  Inc.. 1962, p. 343-360. 
Contract Nos. A F  61(052)-168, A F  61(052)-380. and A F  61(052)-496. 

Discussion of the cu r ren t  photographic instrumentation and 
investigations of the Moon a t  the French high-altitude observatory 
at Pic-du-Midi.  
quate data for extensive three-dimensional topographic evaluations 
of the lunar surface.  Described in some detail  a r e  the telescopes 
and c a m e r a s  which a r e  used in the cinematographic studies of the 
sunrise and sunset phenomena on the surface of the Moon. F r o m  
these studies i t  is possible to obtain the data for the accurate  
determination of the three -dimensional lunar coordinates.  Typical 
photographs, taken with various cameras .  a r e  presented and ana-  
lyzed. 

The purpose of the investigations is to get ade-  

A 6 3 - I 3 9 9  

OBSERVATORY. 
N. F. Kuprevich (Main Astronomical Observatory,  Pulkovo, USSR). 
Qnternational Astronomical Union, Symposium, 14th, Pulkovo, 
USSR, Dec. 1960.) 
IN: The Moon. New York. Academic P r e s s ,  Inc.. 1962, p. 361-368. 

Consideration of the application of an experimental  TV telescope 
to as t ronomical  studies.  
nection to the TV camera  i s  outlined. 
use of the telescope fo r  taking experimental  photographs of the 
Moon, for studying the changes in the form of a stel lar  image r e -  
sulting f rom atmospheric  disturbances and the deformation of s t a r  
images a t  large magnifications,  and f o r  the simultaneous recording 
of the f o r m  of the light flux and that of the s t e l l a r  image during 
scintillation. Modifications of the original TV telescope as a resul t  
of such investigations a r e  briefly described, and the prel iminary 
resul ts  of the studies a r e  presented. 

TELEVISION ASTI~ONOMICAL OBSERVATIONS AT THE PULKOVO 

The telescope is descr ibed,  and i ts  con- 
The discussion covers  the 

A63-18400 
PHYSICAL NATURE O F  DIFFERENT ZONES O F  THE LUNAR 
SURFACE. 
A. V. Markov (Main Astronomical Observatory,  Pulkovo. USSR). 
(International Astronomical Union, Symposium. 14th. Pulkovo, 
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USSR, Dec.  1960.) 
IN: The Moon. New York, Academic P r e s s ,  Inc., 1962, p. 371-378. 
11 re f s .  

Cri t ical  examination of the information and hypotheses con- 
cerning the nature  of the upper layer  of the lunar crust .  It is shown 
that Gold 's  hypothesis of the presence on the Moon of l aye r s  of dust  
with a depth up to  tens of m e t e r s  i s  incorrect .  The g rea t  variation. 
of temperature  on the surface of the Moon a t  the t ime of ecl ipses  
and at different phases. a s  well as the confirmed presence of some 
kinds of volcanic action in individual regions,  point to the conclusion 
that, in a number of regions subjected to such changes, small 
c racks  up to 1 m wide may be found. 
Moon, and especially thy zones of i ts  surface investigated by polar-  
ization and thermoelectric measurements .  the negative polarization 
and low the rma l  conductivity of the surface lead to the assumption 
that the surface is covered with fine-grain ma te r i a l  to a depth of not 
l e s s  than 4 cm. I t  i s  shown that, i f  the meteor-s lag hypothesis is 
valid, the outer layer  of lunar rocks is harder  than a powder layer .  

In remaining regions of the 

A6510401 
THE ROCKS THAT MAY CONSTITUTE THE LUNAR SURFACE. 
N. P. Barabashev (Kharkov Astronomical Observatory,  Kharkov, 
USSR). 
Ih t e rna t iona l  Astronomical Union, Symposium, 14th, Pulkovo, 
USSR, Dec. 1960.) 
IN: The Moon. New York, Academic P r e s s ,  Inc., 1962, p. 379-384. 

Investigation of the nature  of the lunar surface,  based on the 
s ta t is t ical  comparison of measurements  on specimens of t e r r e s t r i a l  
rock with lunar photometric data.  The study is in t e r m s  of such 
character is t ics  and parameters  as brightness and smoothness 
f ac to r s ;  spec t r a l  distribution of reflectivity; degree of polarization, 
depending on angle of incidence, reflection, and phase in the differ-  
ent  spec t r a l  regions; heat conductivity; and luminescence. 
shown that the surface of the Moon is covered, in all probability, 
by tuff-like rocks in a broken-up s ta te ,  with the grains  ranging in 
s ize  f rom 3 to 10 mm. According to the character  of light ref lec-  
tion, surfaces  covered by sharp-edged fragments and rect i l inear  
grooves with vertical  and tapered walls correspond best  to the 
lunar  surface.  

I t  is 

Am-18403 
METEOR-SLAG THEORY O F  THE LUNAR SURFACE. 
N. N. Sytinskaia (Leningrad State University,  Leningrad, USSR). 
Jhternational Astronomical Union, Symposium, 14th; Pulkovo, 
USSR, Dec. 1960.) 
LN: The Moon. New York, Academic P r e s s ,  Inc.. 1962, P. 391-394 
10 refs .  

of the lunar surface layer  accounts for observed data.  
the major  r e su l t s  of investigations of the propert ies  of the lunar 
surface layer ,  based on measurements  of the albedo, color ,  and 
changes in brightness with directions of incident and reflected r ays ,  
and thermoelectr ic  observations of the thermal  radiation of the 
Moon during lunar eclipses and during an average monthly cycle. 
The meteor-s lag theory i n  based pn the assumption that a sufficient- 
l y  l a rge  p a r t  of the evaporating ma te r i a l  condenses and precipi ta tes  
n e a r  the place of explosion, forming a c rus t  which consists of ve-  
s icular  m a s s ,  with cavities separated by very thin walls.  
manner  in which the theory explains the low lunar reflectivity i s  
outlined. 

Brief consideration of how the meteor-s lag theory of the origin 
Lis ted a r e  

The 

A 6 l l U o 4  
ON THE PHOTOMETRIC 
N. P. Barahashev and V. 
vatory,  Kharkov, USSR). 

HOMOGENEITY O F  THE LUNAR SURFACE. 
!. Ezrrski i  (Kharkov Astronomical Obse r -  

(Internationzl Astronomical Union, Symposium, 14th, Pulkovo, 
USSR, Dec. 1960.) 
IN: The Moon. New York. Academic P r e s s ,  Inc., 1962, p. 395-398. 

Brief consideration of the resul ts  of paired comparisons of 
brightness in lunar  areas which could be considered a s  interchange- 
able, based on values obtained from the photometric catalog of 
Fedorets .  
different details  of the lunar surface a r e  constructed,  and compari-  

On the basis of the data, indicatrices of  reflection of 

sons a r e  made in those cases  where necessa ry  conditions a,re ful- 
filled. I t  is found that the photometric homogeneity of the lunar 
surface shows the important role  of external,  cosmic factors  ex-  
er t ing isotropic action on the formation of the mic ro r r l i e f  of the 
lunar  surface.  

A63-1840s 
COLOUR AND SPECTRAL CHARACTERISTICS O F  THE LUNAR 
SURFACE. 
V. G. Teyfel  (Kazakhstan Academy of Sciences,  Astrophysical 
Insti tute,  Alma-Ata, Kazakh SSR). 
Qnternational Astronomical Union, Symposium. 14th, Pulkovo,) 
USSR, Dec. 1960.) 
IN: The Moon. New York. Academic P r e s s ,  Inc.. 1962. p. 399-407. 
10 refs .  

in three regions of the Moon. 
graphed nea r  the quadratures  in th ree  positions of a polyvinyl 
Polaroid placed in front of the slit of the spectrograph. 
t rogramb show that the variation of polarization with wavelength 
is inaignificant and dec reases  toward the red.  The spec t r a l  curves  
of the lunar features  show a monotonous variation of intensity with 
wavelength; therefore,  the spectral  differences in the visible 
spectral  region a r e  defined uniquely by the color index. The mos t  
interesting resul t  of the investigation is found to  be the relationship 
between the color and the relative brightness of lunar  features.  

Brief  review of spectropolar imetr ic  investigations of 19 objects 
Spectra  of lunar regions a r e  photo- 

The spec-  

AH-10406 
THE COLOUR O F  THE BRIGHT RAYS ON THE MOON. 
L. N. Rad?=va (L?s?i?u:e cf Scientific L?f=rmariex, Mcscav ,  ESSE.!. 
Jhternat ional  Astronomical Union, Symposium, 14th. Pulkovo. 
USSR, Dec. 1960.) 
IN: The Moon. New York, Academic P r e s s ,  Inc., 1962, p. 409, 410. 

Brief  review of visual and phographic measurements  of the 
color of several  r ays  on the surface of the Moon. I t  is found that 
such measurements  confirm the subjective impression that the r ays  
differ  f r o m  the background only in brightness.  but not in color .  
Taking into account the fact  that r ays  and rings a l so  differ only 
slightly f r o m  the background by their  albedo and the law of light 
reflection, i t  i s  considered probable that the surface of the r ays  
consis ts  basically of the same  mater ia ls  as the surface of the con- 
tinents. In the fo rmer ,  however, these ma te r i a l s  a r e  somewhat 
more  finely pulverized. 

A63-10407 
A STUDY O F  THE ANGLE OF REPOSE OF SOME LOOSE 
MATERIALS AND ITS BEARING ON THE HYPOTHESIS O F  A DUST 
LAYER ON THE LUNAR SURFACE. 
N. S. Orlova (Leningrad State University,  Astronomical Obaerva- 
torv.  Leningrad. USSR). 

I. - .  
Jlnternational Astronomical Union, Symposium, 14th. Pulkovo, 
USSR, Dec. 1960.1 
IN: The Moon. New York, Academic P res s .  Inc. ,  1962, p. 411-414. 

Experimental  determination of the angle of repose of loose 
ma te r i a l  including sand, dust ,  and volcanic ash,  using a medium- 
s ized telescope provided with an ocular  mic romete r ,  the wi re s  of 
which a r e  se t  paral le l  to the s lopes of the cone. The angles of 
repose of volcanic cones of piled-up loose ma te r i a l  a r e  obtained 
f r o m  photographs published in special  i s sues  and f r o m  photographic 
a t l a ses  of volcanoes of  different  countries.  
photometric relief of a rough surface with the maximum angles of 
repose of 45O, models a r e  specially prepared in the laboratory and 
investigated. 
covered by four-sided pyramids: 9a.d the second, by three-s ided 
pyramids.  

In o rde r  t o  study the 

The f i r s t  model consis ts  of a surface completely 

A6518408 
FORMATION O F  LUNAR CRATERS AND BRIGHT RAYS AS A 
RESULr O F  METEORITE IMPACTS. 
h .  P. bl . ,n ,uko, , ,  1) d n u  V. A.  n r w ~ s h t e n  (All-Union Astronomlcal 
and Gcodetic Society, Moscow, USSR). 
(International Astronomlcal Union, Symposlum. 14th. Pulkovo, 
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US5R. Dec:1960.) 
IN: The Moon. New York, Academic P r e s s ,  Inc.. 1962. p. 415-418. 
14 refs. 

Brief review of studies of the phenomena accompanying the 
impact of l a rge  meteori tes  on the lunar o r  t e r r e s t r i a l  surfaces ,  
examined on the basis  of the theory of explosive phenomena. As an 
example, a c ra t e r  produced by an explosion of a charge buried a t  
a depth of 30 m below the ground, which is ca r r i ed  out for  the pur-  
pose of re ismographic  investigations, i s  briefly considered. Ex-  
per iments  simulating the kmetic impact descr ibed by Char t e r s  a r e  
reviewed. a s  a r e  the experiments  in simulation of lunar c r a t e r s  
conducted by Benevolensky. 
mechanism of formation of c r a t e r  walls a r e  discussed. 

The various opinions concerning the 

A 6 9 1 8 4 0 9  
5OME RESULTS DEDUCED FROM SMULATION O F  LUNAR 
CRATERS. 
P. F. Sabaneev (Rostov University. Rostov, USSR). 
(International Astronomical  Union. Symposium, 14th. Pulkovo, 
US5R. Dec. 1960.) 
IN:  The Moon. New York, Academic P r e s s ,  Inc.. 1962, p. 419-431. 

5imulation experiments  conducted by droppmg a lump of a loose 
substance on a layer  of some loose mater ia ls  placed on a level and 
f i r m  base, in o rde r  to  investigate lunar c r a t e r  formation. Outlined 
15 the effect  on the model of increasing the weight of dropped mate-  
r ia l ,  a s  well a s  the influence of such factors  a s  the physlcal pro-  
par t ies  of impinging ma t t e r  (its form,  angle of mcidence, velocity. 
and s ize) ,  the atmospheric  medium. and the magnitude of gravity, 
a n d  ala0 the mechanical propert ies  of the soil and its stratigrapnic 
~ t r u c t u r e .  On the basis  of the experiments  it i s  concluded that (1) 
c r a t e r s  and mar i a  with clear ly  defined pe r ime te r s  emerge  a s  a 
resul t  of the infall  of dense, homogeneous, and defmitely circular  
m a s s e s  of loose ma t t e r ,  ( 2 )  an appreciable number of small  c r a t e r s  
may have emerged a s  secondary formations. (3) the surface of the 
Moon 1s covered with matter  consisting of hard rock with a lower 
f i rmness  than the deeper  l aye r s ,  and (4) the formation of c r a t e r s  
15  accompanied by the ejection of f ragments  of surface rocks into 
:nterplanetary space. 

A63-18410 
PROCESSES ON THE LUNAR SURFACE. 
T.  Gold (Cornel1 University, Ithaca, N.Y.). 
(International Astronomical  Union, Symposium, 14th. Pulkovo, 
USSR, Dec. 1960.L 
IN: The Moon. 
General  Motors  Corp. -supported r e sea rch .  

mater ia l  over the lunar  surface,  in  o rde r  to  rationalize the fact  
that the infalling ma te r i a l  adds m o r e  than it evaporates. 
suggested that ma te r i a l  may constantly be removed f rom the high 
ground, presumably in finely powdered from, and then migrate to 
the low ground. 
best  explanation of ma te r i a l  transportation. Two such processes  
a r e  analyzed: 
ing par t ic les  acquire  a large charge of s imilar  sign in the course 
of e r r a t i c  charge dis t r ibut ions,  and (2) "glidmg" whlch occurs  
because the constant emission of electrons from the surface of the 
Moon produces a distribution of potential of s eve ra l  volts (positive). 
surrounded by a space-charge of  e lectrons mostly in t ransi t  between 
emission and return to  the lunar surface.  Thermal  data now avail- 
able f r o m  radio the rma l  mcasurements  a r e  dlscussed m relation 
to the dust  hypothesis of the lunar surface.  

New York, Academic' P r e s s ,  Lnc., 1962, p. 433-439. 

Consideration of possible mechanisms of transportation of 

It i s  

It i s  s een  that e lectrostat ics  s e e m s  to offer the 

(1) "electrostatic hopping" caused when two  neighbor- 

A63-18415 
E C L I P 5 E  IEMPERATURES OF THE LUNAR CRATER TYCHO. 
W i l l i d r n  M. binton (Lowell Observatory. Flag5taff. Ariz . ) .  
(Intcrnational Astronomical Union, Symposium, 14th. Pulkovo, 
USSR, Dcc. 1960.) 
IN:  'The Moon. Ncw York, Academic P r e s s ,  Inc. ,  1962, p. 469-471 

l l r i c f  summary  of  temperature  observat ions of Tycho during a 
total c c l i p s r ,  mddc with a 1.5-p b'indwidth a t  8.8~1, the calibration 
k i n g  madc by direct  curnp.irlson with blackbodies of known t cm-  
prr.itu:e. Two scan, . trrobs Tychu a r c  presented which i l lustrate  
~lic r.rpid tcrnper.lture decay of most  of thc lunar surface and the 
rel.rtivc constancy of temperature ,  of Tycho during the ecl ipse.  A 
p,raph ahows the t empera tu res  of Tycho and its environs, and com-  
pdrisons with theoretical cu rvcs  corrcsponding to different models. 

A6918416 
RADIO EMISSION O F  THE MOON, ITS PHYSICAL STATE, AND 
THE NATURE O F  ITS SURFACE. 
V .  S .  Troitskri (Gor 'ki i  State University, lnstl tute of Radiophyslcs. 
Cor'kii.  USSR). 
(International Astronomical Union, Symposium, 14th, Pulkovo, 
USSR, Dec. 1960.) 
1 N :  The Moon. New York, Academic P r e s s ,  Inc., 1962, p. 475-489. 
3.2 refs .  

of the Moon in widely spaced wavelengths ranging f r o m  0.4 to 3.2 
cm. 
the su r face  layer  of the Moon. Briefly considered a r e  the resul ts  
of theoretical and experimental  investigatrons of lunar radio e m i s -  
sion. Basic concluslons f r o m  the experimental  data on the nature 
and physical state of the surface layer  a r e  outlined. 
layer modrl  of the lunar  su r face  is considered in t e r m s  of a com-  
parison of the electr ical  pa rame te r s  of the lunar  and t e r r e s t r i a l  
m , i l c r i . t l ,  .ind thc dcnbily anti diulrctr lc  constant of lunar mater ia l  
IS compared with those uf t e r r e s t r i a l  rocks. Also cons:de:ed a r e  
the heat conductivlty and depth of penetration of the the rma l  and 
electromagnetic waves into the lunar surface.  The t rue  t empcra -  
lure of  t h e  lunar aurface is calculatcd a s  a mm:mum of 127O and a 

Summary of the resul ts  of measurements  of the radio emission 

The measurements  indicate a quasi-homogeneous s t ructure  of 

The single- 

nurrrnurn r i f  407OK. 
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A63-18417 
THERMAL RADIO EMISSION O F  THE MOON AND CERTAIN 
CHARACTERISTICS O F  ITS SURFACE LAYER. 
4. E. S ~ I u r r ~ u r ~ u v ~ c i ~  ( L c k d e r  Physics Institutc. Moscow. USSR). 
pnternat ional  Astronomical Union. Symposium, 14th. Pulkovo. 
USSR, Dec. 1960.) 
IN. The Moon. New York. Academic P r e s s ,  Inc. ,  1962, p. 191-495. 
14 refs .  

Discussion of the results of observations of the Moon with a 
22-m radio telescope which allow an evaluation of cer ta in  chardc-  
t e r i s t i c s  of the surface layer  without relying entirely on optical 
data.  
e r r o r s  of measurement ($270) .  1s found to be independent of the 
phase of the Moon and equal to 230°K. 
obtained at wavelengths of 0.8 and 3.2 cm a r e  presented. The 
region of maximum radio brightness shifts systematically along 
the lunar equator following the subsolar point. A table l is ts  the 
rat ios  of the periodic brightness-temperature variations in the 
center  of the disk to the mean values, a s  well a s  the rat ios  of the 
depth of penetration of radio and the f i r s t  harmonic of the thermal  
wave. These parameters  a r e  discussed. and their  values com- 
pared with those obtained by Jaeger.  
m o r e  defmite evidence in favor of the one-layer model of the lunar 
surface.  

The brightness temperature ,  within the accuracy of relative 

Examples of the distribution 

I t  1s seen that the data give 

A63-18420 
THE RADIO EMISSION O F  THE MOON ON 4 m m .  
A. G. Kisliakov (Gor'kii  State University, Insti tute of Radiophysics, 
Gor 'ki i .  USSR). 
(International Astronomical Union, Symposium, 14th. Pulkovo, 
USSR, Dec. 1960.) 
IN: The Moon. New York, Academic P r e s s ,  Inc., 1962. p. 511-518. 
20 refs.  

of the Moon at  4 rnm. 
and data reduction are described. I t  i s  established that the var ia-  
tion of radio brightness of the Moon during lunation i s  expressed by 
the law. T1 = 230° t 73' cos (Ro t  - 24O)K, wherefl. ot represents  
the optical phase of the Moon. Comparison of the phase dependence 
of the radio emission at 4 m m  with the data f rom observations of 
the radio temperature  of the lunar disk on other wavelengths demon- 
s t r a t e s  that the homogeneous model of the lunar surface i s  m good 
agreement  with the experimental data. 

Experimental  investigation of the intensity of the radio emission 
The methods employed in the observation 

A63-18421 
RADAR MEASUREMENTS OF THE LUNAR SURFACE. 
G. H. Pettengill  and .I. C. Henry (Massachusetts Insti tute of 
Technology, Lincoln Laboratory,  Cambridge. Mass.  ). 
(International Astronomical Union. Symposium, 14th. Pulkovo. 
USSR, Dec. 1960.) 
IN: The Moon. 
13 refs.  

Presentation of the resul ts  of measurements  of the radio echo- 
power scat tered by the lunar surface,  made at  a R F  of 440 Mc. 
using a parabolic reflector of 84-ft diameter  and a peak transmitted 
power of approximately 2.5 Mw. Shown graphically.  and discussed 
briefly in t e r m s  of theoretical interpretations,  a r e  (1) the received 
power vs delay for signals received from the Moon, (2) the received 
power vs angle of incidence with respect to the lunar surface.  (3) 
lunar  echo power vs  delay for two  orthogonal received polarizations.  
and (4) polarization vs delay for lunar echoes. 

New York, Academic P r e s s ,  Inc.. 1962, p.  519-525. 

A 6 5 1 8 4 2 2  
OBSERVATIONS O F  RADIO EMISSION OF THE MOON AT 2.3 c m  
WITH THE PULKOVO LARGE RADIO TELESCOPE. 

ment  of the center  of gravity of lunar radio emission as a function 
of phase.  
tion a t  the center  of the lunar disk f r o m  the measurement  of the 
displacement of the center  of gravity a r e  outlined. 
relation, the temperature  variation is found to be 13.5 f 4OK. 

Methods of determining the brightness temperature  va r i a -  

Using such a 

A 6 3 4 8 4 2 3  
SOME PHYSICAL CONSTANTS OF THE LUNAR SURFACE A S  
INDICATED BY ITS RADAR SCATTERLNG AND THERMAL 
EMISSION PROPERTIES. 
T. B. A. Senior,  K. M. Siegel and A. Giraud (University of 
Michigan, Radiation Laboratory,  Ann Arbor ,  Mich. 1. 
IInternational Astronomical Union, Symposium, 14th, Pulkovo, 
USSR, Dec. 1960.) 
IN: The Moon. New York, Academic P r e s s ,  Inc. ,  1962, p. 533-543. 
NASA-Army-supported r e sea rch ;  Grant  No. NsG-4-59. 

analysis of radar-scat ter ing and thermal-emission data.  The sca t -  
tering of r ada r  signals by the Moon is descr ibed,  and a theory to 
account fo r  the observed features  in t e r m s  of a scat ter ing p rocess  
closely akin to that of a smooth body, f i r s t  proposed by Senior and 
Siegel, is presented. It i s  shown that, a s  a consequence of this , 
theory, i t  i s  possible to determine the electromagnetic pa rame te r s  
of cer tain portions of th'e lunar surface;  in par t icular ,  i t  is found 
that the relative permitt ivity (or dielectr ic  constant)  is about 1.1. 
The rma l  radio emission from the Moon i s  descr ibed,  and, by using 
the electromagnetic pal  me te r s  obtained, the thermal  pa rame te r s  
of the lunar surface a r e  deduced from an analysis of the thermal  
emission. 
character  of the lunar surface a s  suggested by the r ada r  data. 

Summary of the resul ts  of lunar studies,  emphasizing the 

I t  i s  seen that the pa rame te r s  a r e  compatible with the 

A 6 3 1 8 4 2 4  
THE ELECTROMAGNETIC PARAMETERS O F  SELECTED 
TERRESTRIAL AND EXTRATERRESTRIAL ROCKS AND GLASSES. 
W. E .  Fensler ,  E.  F. Knott, A. Olte. and K. M. Siegel (Univer- 
sity of Michigan, Radiation Laboratory,  Ann Arbor ,  Mlch. ). 
Jhternat ional  Astronomical Union, Symposium, 14th. Pulkovo, 
USSR, Dec. 1960.) 
IN: The Moon. New York, Academic P r e s s ,  Inc.. 1962, p.  545-565. 
11 r e f s .  
NASA-Army supported r e sea rch ,  Grant  No. NsG-4-59. 

Experimental  investigation of the physical propert ies  of the 
surface layer  of the Moon as  simulated by t e rkes t r i a l  mater ia ls .  
Measurements  of the electromagnetic constants of solids of r eason-  
able volumes a r e  made. 
and smaller  pieces ,  and the average permitt ivit ies of each mixture 
a r e  measured.  
electromagnetic constants of these mater ia ls ,  and their  fo rm,  
approach those predicted from the electromagnetic measurements  
of the Moon. I t  i s  fuund that the meteori tes ,  tekt i tes ,  glasses ,  and 
rocks a s  found on Earth do not have the same  electromagnetic 
propert ies  as the mater ia ls  on the surface of the Moon. 
that by crushing mater ia ls  to obtain par t ic le  s izes  in the regions 
mdicated by optical. IR. and passive microwave data, the constants 
approach those values obtained by electromagnetic diagnostics of 
the lunar surface.  

These solids a r e  broken up mto sma l l e r  

The basic idea is to determine how closely the 

It is seen 

A 6 3 1 8 4 2 5  
CHARACTERISTICS OF PARTICLES BLOWN AWAY BY EXHAUST 
J E T  IMPINGEMENT ON A LUNAR SURFACE. 
Rubcrt  L. Cros5man (Crumman Aircraf t  Engmeering Corp . ,  P r o -  
pulsion !% ~ L I O I I .  1h tlir).ic< . N. Y. ). . . .  
American Institutc of Aeronautics and Astronautics,  Summer Meet- 
ing. Los Angcl<.s, Cal i f . ,  June 17-20, 1963, Paper  63-199. 9 p. 
Mrmhcrs ,  $0. 50; nonm<.mb<.rs ,  $1.00, 

N. L. Kaydanovsky, V. N. Ihsanova, G. P. Apushkinsky, and 
0. N. Shivris (Main Astronomical Observatory,  Pulkovo, USSR). 
(International Astronomical Union, Symposium, 14th. Pulkovo, 
USSR, Dec. 1960.) 
IN: The Moon. New York. Academic P res s .  Inc. ,  1962. p. 527-532. 

Presentation of the resul ts  of radio observations of the Moon 
made at  a wavelength of 2.3 cm, in o rde r  to determine the displace- 

Prcscntation of a m<,thud fur  c.stimating the velocity and s ize  of 
part ic l rs  i,iown away b y  a rc,ckc.t exhaust impinging on the su r face  
of the Moon. 
Casdynamics of the exhaust.  nccded bcfore  a particle analysis can 
b,. m a c ~ c .  

sis  

Prcviously dc.velopcd cquations a r e  used to obtain the 

~ 1 , ~  v , s r t i ~ . ~ ~  c.xhaust and f la t  horizontal  su r f ace  is  the 

prcsc.ntcd in th, .  f o r m  of curves  of particle velocity leading 
analyz,.d. ~ h c ,  numt.rical r e su l t s  obtained f r o m  the analy- 
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the exhaust flow ficld vs particle s ize .  
tions a r e  particlc d r a g  coefficient,  particle density, rocket  config- 
uration. and rockct  height above thu surface.  It is shown that, fo r  
the propulsion sys t ems  analyzed, it does not appear  that  any par t i -  
c les .  large o r  small ,  will causc damage to  she l t e r s  o r  equipment if 
reasonable precaution is takcn in thc sys t em design. 

The variables in the calcula- 

A63-18431 
A NOVEL GAS BEARING SPHERICAL-ROTOR GYROSCOPE FOR 
SPACE APPLICATIONS. 
F rede r i ck  K. Mueller IAstro-%ace Laborator ies ,  Huntsville. Ala. ). 
American Institute of Aeronautics and Astronautics, Summer Meet- 
m g ,  Los Angeles, Calif.. June 17-20, 1963, Pape r  63-214. 
Members ,  SO. 50, nonmembers ,  $1.00. 

10 p. 

Description 3f a g i roscspc  xh ich  dcvizteo co.mp!e:e!y f rom LL.E 
conventional design concept, but does  not require  exotic new devel- 
opments o r  mater ia ls .  
sphere gyroscope consis ts  basically of a solid, homogeneous, spher-  
ical  rotor ,  suspended within a sphkrical  outer  housing by means of  
a hydrostatic gas  bearing. Discussed a r e  the operating principles, 
design features ,  inherent advantages, and t e s t  resul ts  of the gas-  
bearing spherical-rotor  gyroscope with case  rotation, and i ts  possi-  
ble use for  vehicle orientation and stabilization in space, for the 
determination of t!ir vehicle turn axis, and for the directional or ien-  
tation on the lunar surface.  

The gyroscope element  of the spinning- 

A63-188S2 
LUNAR STRATIGRAPHY. 
John B. Adams (Cal i fornia  Insti tute of Technology, J e t  Propulsion 
Laboratory,  Pasadeca ,  Calif. ). 
American Insti tute of  Aeronautics and Astronautics. Summer  
Meeting, Lo6 Angeles. Calif.,  June 17-20, 1963. Pape r  63-254. 
10 p. 10 refs .  
Members ,  $0.50, nonmembers ,  $1.00. 
Contract No. NAS 7-100. 

:he Moon, and of the s t ra t igraphic  record expected to be found 
there .  The s t ra t igraphic  principles a r e  outlined, including the 
principle of superposition, the geologic t ime scale ,  and the empi r i -  
cal  theory of uniformitar ianism.  Discussion of the lunar p rocesses  
and s t ra t igraphy del ineates  the mechanisms and effects of meteorite 
impacts ,  erosion,  t ransportat ion (other than by impacts). volcanism. 
and radiation. 
chronological equivalence of s t r a t a  over  the lunar surface. 

Conslderation of the probable pas t  and p resen t  p rocesses  on 

Considered is the determination of the physical ar.d 

A63-18902  
THE INFRARED SPECTRUM O F  VENUS (1-2.5 ;, 1. 
V .  1. Moroz (Shternberg State Astronomical Institute, Moscou, 
USSR). 
(Astronomicheskii Zhurnal, vol. 40, Jan. -Feb. 1963, p. 144-153. ) 
Soviet Astronomy, vol. 7, July-Aug. 1963, p. 109-115. 2 5  refs. 
Translation. 

Study of the near-1R spectrum of Venus, using a spectrometer  
with diffraction grating. T o  exclude e r r o r s  and identifications con- 
fused with telluric bands, spectra  of the Sun and Moon a r e  recorded 
under s imilar  conditions. The  observational ma te r i a l  I S  l isted,  
and tables  showing both new and unidentlfied features  a r e  presented. 
Es t ima tes  on the abundance and upper l imits  of numerous compounds 
a r e  given, and information on the chemical  composition of theVenus 
atmosphere i s  summarired.  

A 6 3 1 8 9 0 4  
THERMAL CONDUCTIVITY O F  LUNAR MATERIAL FROM PRE- 
CISE MEASUREMENTS O F  LUNAR RADIO EMISSION. 
V. D. Krot:kov and V. S. T r o i t s k ~ i  (Gor'kii Sidr :  G m v e r s ~ t ~ ,  
Institute of Radiophysics, Gor'kii,  USSR). 
(Astronomicheskii Zhurnal. vol. 40, Jan. -Feb. iY63, p. 156-100. ) 
Soviet Astronomy, r o l .  7, July-Aug. 1963. p. 119, 120. I2 refs.  
Translation. 

Determination of the the rma l  pa rame te r  y = (K&)-'" (where 
K i s  the the rma l  conductivity, p is the density of the lunar ma te -  
rial .  and C i s  the heat capacity) f rom p rec i se  measurements  of the 
lunar  surface t empera tu re  a t  both rad:o wavelengths and infrared.  
A value of 350 f 75 i s  obtained for  y, averaged over  the lunar dlsk. 
Taking a previously determined value far  P -0.5 g lcm3 ,  thls  yields 
a value of (1 i 0 . 5 )  x 10-4 c a l l c m  x sec  x deg for  the coefficient of 
t h e r m a l  conductivity. which i s  a lmost  50 t i m e s  the generally ac -  
cepted value corresponding to dust in a vacuum. 
that the upper layer  of the lunar surface does  not consist of dust, 
but i s  a solid porous ma te r i a l  (s imilar  in s t ruc tu re  to  pumice), 
perhaps somewhat pulverized. 

The conclusion i s  

A 6 3 4 8 9 6 7  
CRATER .\.lOSrISG A AS THE FIRST-ORDER POINT O F  TRIANGU- 
LATIOA ON THE MOON. 
Karol Koziel (Jagelloiiian University. Dept. of Theoret ical  Astron-  
omy, Cracow. Poland). 
COSPAR. International Space Science Symposium. 4th, Warsaw, 
Poland. June 3-11, 1963. Paper .  5 p. 

Presrntat iun of the resul ts  of a simultaneous determinat ion of 
the selenogrdphic coordinates of the cr2tQ.r  blG,tinx A and i t s  helght 
above the mean level of thc Moon. 
ical  libration of the Moon, c .ilculatcd on t h v  l>,isis of 3 ,  2 8 2  obse rva -  
tions ca r r i ed  out in four hr l iometry s e r i e s  i n  111.. p < , r i o < l  IMii-1915. 

Constant> arc' given fo r  the phys- 

A63-19582 
ALBEDO RADLATION FROM THE MOON AND T I E  PLANETS. 
Satio Hayakawa (Nagoya University, Physical  Institute. Nagoya, 
Japan) .  
IN: Space Resea rch  U; Proceedings of the Th i rd  International 
Space Science Symposium. Washington, D. C.. May 2-8, 1962. 
Committee on Space Resea rch  - COSPAR and the U.S. National 
Academy of Sciences. Edited by Wolfgang Priester. Amsterdam, 
North-Holland Publishing Co.; New York, Interscience Pub l i she r s  
Division, John Wiley and Sons, Inc.. 1963, p. 984-988. 

Consideration of nuclear  radiations induced by cosmic r ays  on 
the solid surface of the Moon o r  a planet. The intensities and the 
.energy spec t r a  of var ious components and their  dependence on 
chemical composition a r e  calculated in a semiquantitative way. 
The par t ic les  involved a r e  protons and alpha par t ic les  knocked out 
f r o m  nuclei by (1) nuclear  active par t ic les  of cosmic r ays .  (2) gamma 
rays  associated with the evaporation of nuclei, a s  well a s  with the 
capture  of neutrons;  and (3) high-energy gamma r a y s  which a r e  
decay products of neutral  pions. 

A63-1997s 
LUNAR MAPS. 
E. A. Whitaker (Lunar and Planetary Laboratory,  Tucson, Ariz. ). 
(International Union of Geodesy and Geophysics. Thir teenth General  
Assembly, United States  National Report, 1960-1963. ) 
American Geophysical Union. Transactions. vol. 44. June 1963. 
p. 456. 457. 

Noted a r e  Kuiper's photographic lunar atlas.  Arthur  and Whitaker's 
photographic a t las ,  and a comprehensive program of lunar mapping 
commenced in 1960 by the Air Fo rce  Char t  and Information Center ,  
which produces maps at  a scale  of I :  1.000.000, with supplementary 
sheets  at  l a r g e r  and sma l l e r  scales. 

Short discussion of  recent contributions to lunar cartography. 

A63-20039 
VOLCANIC PHENOMENA ON THE MOON. 
Nikolai Kozyrev (Main Astronomical Observatory, Pulkovo, USSR). 
Nature, vol. 198, June 8, 1963, p. 979, 980. 

Brief summary  of spectral  observations of the c r a t e r  Ar i s t a r -  
chus made with a 50-in. reflector in v r d r r  Lo determine whether the 
existence of a luminescent glow in the c ra t e r  i s  not caused by the 
changes in the activity of the c ra t e r  i tself .  
es tabl ish that the emissions a r e  of a gaseous nature, and that the 
source of emission r i s e s  to a cer ta in  height over the c r a t e r .  

Data obtained definitely 

It i s  
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concluded that, because the emtssion of molecular hydrogen on- 
served in the fumarole  ejections of the c ra t e r  cannot be the resul t  
of the photo-dissociation of water vapor, i t  can be assumed that 
molecular hydrogen is formed and accumulated u1 the depths oi the 
Moon. 

A63-ZOO76 
NATURE O F  THE LUNAR MARIA . 
Gilbert  Fielder (University of London Observatory.  London, 
England). 
Nature.  vol. 198. June 2 9 ,  1963. p. 1256-1160. 

character is t ics  of lunar mar i a ,  in o rde r  to discriminate between the 
various specific origins which have been proposed. The considered 
hypotheses on the origin of the mar i a  include accretion of meteori tes  
and erosional  detr i tus  from slopes,  accretion and erosional detri tus 
infil lmg impact c r a t e r s ,  lava flows initiated by impact m Mare  
Irnbrium. lavas derived f r o m  low-velocity impacts,  and lava now8 
initiated by seve ra l  individual impacts. The data analyzed include 
the relative ages of various mar l a ,  a loganthmlc plot of number of 
continental and post-mare (young) c r a t e r s  vs diameter .  and the 
heat factors  fo r  various mar i a  plotted against  their  relative age. 
I t  i s  concluded that the mar ia  are essentially lava fieldm. 

- 
Presentation of data concerning the physical and chemical 

A63-10676 
LUNAR S O L  SAMPLING AND TESTING. 
Emanuel  Azmon (Northrop Corp., Space Laboratoriem. Hawthorne. 
Calif. ). 
American Society f o r  Temtinp and Materiala,  Pacific Area  National 
Meeting, 4th, Lom Angelem, Calif., Oct. 1-5, 1963, Paper'175. 
15 p. 

ment. 
mumt determine firmt the lunar environment# under which the moil 
originated,  and then proceed to #elect  the proper  temtm for the  moil. 
Meteorite.. which a r e  the only extraterremtr ia l  and pomaibly lunar 
moil samples  available, a r e  dimcummed and their  igneoum origin i m  
pomtulated. Demcribed is a mericm of experiment. conducted to ex- 
amine cer ta in  phenomena i n  the genemim of igneoum rockm under con- 
trolled condition. of temperature-prammure. with mpecial emphaaim 
on texture. which a r e  due t o  rapid heating and cooling, par t ia l  
melting, and coalemcence of crymtallitem in  the molid #.ate. Reeul ts  
a r e  presented for pres su res  of 40.000 a tm and temperature.  of 

Prementation of the l imited data available on the lunar environ- 
It i m  argued that when,the lunar moil is to be examined, one 

1.OOOJC. 

A6311139 
ANALYTICAL INSTRUMENTATION IN SPACE EXPLORATION. 
Edgar  L. Steele (Agricultural  and Mechanical College of Texam, 
Activation Analyeia Research Laboratory.  College Station, Tex. ). 
Analytical Chemimtry. vol. 35, Aug. 1963, p. 23A-30A. 32A. 35A- 
38A. 18 refs .  

f ac to r s  to be conaidered in their  deeign. The following mampling 
of analytical  inatrumento is prerented: alpha particle mcattering 
instruments  for the  analyaia of the lunar surface,  an X- ray  dif- 
f ractometer ,  gaa-chromatographic equipment, an X-ray  mpectrome- 
t e r ,  and nuclear activation analymim instrument.. Brief demcriptionm 
a r e  included of t he  organizational e t ructure  of NASA and i t s  #pace- 
science and propomed analytical programm. 

Diecuoaion of inmtrumentm umeful in mpace exploration and the 

163-21282 
RADIO CH:\R.ACTERIST I C s  O F  L.L'X:\R SURF.4CE M 4TERIAL. 
K.  M. Siege1 (Universit\ of  Michigan. A n n  Arbor .  Mich. ,  and 
Condoctron Corp . ,  A n n  Arbor ,  Mlch. ). 
IN:  12th INTERNATIONAL ASTRONAUTICAL CONGRESS, PRO- 
CEEDINGS, vol. 2. Washington, D.C.. Or t .  1-7,  1961. Neu York 
and London, Academic P r e s s ,  Inc.. 1963, p. b62-669. 13 refs.  
NASA-supported r t + r a r c h .  Grant No. 6-4-59. 

compared and an.il\rcd. The t h r o r l r s  pprtinent t o  the hubjert. i n -  
volving radiation 1 rom the  Moon. a r c  discussed. The electro-  

The diiferent t t ? e , ) r > c >  of  r a d ) < >  . c ~ a t t e r i n ~  iron, the Moon .AT? 

- -1g"e ! :c  and thcrn;;d\naz,ic constants of the lunar su r face  a r e  
obtained. 
completely consistent resul ts  (Independent of  the wavelength of the 
radiation. whether the source i s  cohcrcnt o r  incoherent and in- 
dependent of the pulse length used) .  The electromagnetlc constants 
obtained a r e  different f rom those found on Earth.  

I t  i s  concluded that present experimental  data ylelds 

A 6 3 4 2 9 1  
LUNAR AND PLANETARY SURFACE EXPLORATION. 
E r n e t  Stuhlinger (NASA, George C. Marehal l  Space Flight Center,  
Huntsville. Ala. ). 
IN: 12th INTERNATIONAL ASTRONAUTICAL CONGRESS, PRO- 
CEEDINGS, vol. 2. Washington. D.C. ,  Oct. 1-7, 1961. New York 
and London, Academic Pres.. Inc., 1963, p. 801-805. 

Brief mummary of the lunar and planetary exploration p rogram 
of NASA. Noted a r e  the th ree  lunar vehicles (Ranger, Surveyor,  
Prompector). and the two planetary vehicles (Mariner,  Voyager). 
The Ranger and Mar ine r  vehiclem are t o  contain "drop capmulee" 
whoae impact will be softened by re t ro-rockets  and by crumh layers .  
Proepector  and Voyager ahould be capable of roving acromm the mur- 
face on inflatable wheelr. 
temperature.. quake. and tectonic tremor., and atmospheric  data,  
while the moft-lander. will a l so  be equipped with: TV; X- ray  and 
y-ray diagnoatic apparatus;  detectora  for murface radioactivity, fo r  
magnetic fields. f o r  meteori tes ,  and fo r  organic mat ter ;  and a mur- 
face d r i l l  t o  bore holee for probes and to  take mamples. 

Drop-capsule instrument8 will observe 

A63-21384 
MOON ATLAS 
V .  G Firsoff .  
New York, Viking P r e s s ,  lnc , 1962. 32 p 
$10. 

General a t las  of the Moon, w i t h  maps,  photographs of p rog r r s  
S ~ V C  phases.  a gazet teer ,  and a descrlptlve text.  all of whlch can 
br usrd In identification of su r face  formations The resul ts  of prcl- 
longed r e sea rch  a r e  presented in  the fo rm of a three-color  map of  
the formative fractures  of  the lunar su r face  and associated features  
and i n  a s e t  of spherical  projection photographs which eliminate the 
foreshortening at the Moon's limb. 
perspicuous presentation of the Moon's mountains. c r a t e r s .  and 
clefts Quadrant maps show more detail .  The tectonic map in 
three-color  line gives the lines of crustal  weakness ( f au l t s ,  f r a '  
tures  overthrusts ,  c r a t e r  chalns) along wbich land movenirnts 
have occurred 
projection photographs show var1ous aspects  o f  the >$<,on 's  l imb 
regions vertically f r o m  above Explanatory charts  and captions 
a r e  provided 
gives a iunc i s r  account of plains mountains c ra tp r s .  clefts r a y  
systems and other formations 

A relief map I n  color gives d 

It i s  possibly the f i r s t  map of  I t s  kind Spherical  

A descriptive classtficatron of lunar surface features 

a63-11457 
APPLICATIONS O F  OPTICAL "MASERS" TO SPACE RESEARCH 
[APPLICAZIOM DEI "MASER" OTTICI ALLE RICERCHE SPAZIALIE 
Giorgio Fiocco (Mammachumettm Inmtitute of Technology. Dept. of 
Elec t r i ca l  Engineering and Remearch Laboratory of Electronicm, 
Cambridge,  Mame. ). 
(International Communication* Congremm, loth. Genoa, Italy, Oct. 
7-12. 1962.) 
Missil i .  w l .  5 ,  Apr. 1963, p. 73-78. In Italian. 

considerat ion of the characterimticm and mome applications of 
optical  mamerm in r ada r  device. suitable fo r  amtronomical and geo- 
physical research.  Included im a mimplified chart  of the  varioum 
equipment used to obtain optical echoem f r o m  the Moon murface. 
Experiment. conducted to receive echoem f rom the Moon a r e  d e -  
scr ibed.  

A6511611 
THE RELATION O F  TEKTITES TO LUNAR IGNEOUS ACTIVITY. 
Paul  D. Lomnan,  Jr. (NASA, Goddard Space Flight Center ,  
Greenbelt .  Md.). 
I ca rus ,  vol. 2, June 1963, p. 35-48. 71 r e f s .  
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Discussion of the origin of tekti tes.  It is suggested that they 

The 
may have been derived f r o m  ail icic igneous rocks.  specifically 
rhyolit ic tuffs.  forming the upper l aye r s  of the lunar maria .  
essent ia l ly  igneous nature  of tekt i tes  is indicated by their  bulk 
composition. their  r e s t r i c t ed  compositional range, and the high 
probability that they have not been derived f r o m  sedimentary rocks 
by random processes  such as meteori t ic  impact.  The differences 
between tekt i tes  and no rma l  igneoua rocks probably ref lect  their  
formation by extremely high-temperature  fusion of previously solid 
igneous rock. It is s h o r n  that,  if the Moon originally bad a 
chondrit ic composition, the fusion curve of the lunar mater ia l  
ahould intersect  the the rma l  gradients  complted by MacDonrld at 
400-500 km depth, depending on the slope of the fusion curve,  even 
i f  the Moon had originally been at OOC. 
such as the kinetic energy of accret ion and capture-induced internal  
friction would probably have r a i sed  the t empera tu re  well above the 
"cold" Moon gradient.  
assumed chondrit ic ma te r i a l  should be basalt ic.  It is proposed 
that the mar i a  a r e  the lunar  equivalents of t e r r e s t r i a l  lopoliths 
such as the Bushveld and Sudbury complexes,  which a r e  l a rge  
basins  fi l led mainly with basalt ic rock overlain by tuffs, rhyolites.  
and granophyres.  Tekt i tes  m a y  have been derived f r o m  these 
si l icic rocks by some  p rocess  involving meteori t ic  impact.  

Additional heat sou rces  

Magmas generated by par t ia l  fusion of the 

A63-2 l754 
PHOTOMETRIC STUDIES O F  COMPLEX SURFACES, WITH 
APPLlCATlONS TO THE MOON. 
Bruce Hapke and Hugh Van Horn (Cornell  University,  Center for 
Radlophysica and Space Research.  lthcca. N. Y .  ). 
Journal of Geophysical Research,  vol. 68. Aug. 1. 1963, p. 4545- 
4570. 28 r e f s .  
Grant No. NsG-119-L1. 

The factors  that govern the optical scat ter ing character ls t lcs  of 
complex su r faces  a r e  discussed. and the propert ies  of surfaces that 
scat ter  light like the Moon a r e  specified.  
volcanic s l ags ,  o r  coarsely ground rock powders do not have the 
intricate s t ructure  necessary for backscattering light strongly. but 
finely pulverized dlelectr lc  par t ic les  can build extremely complex 
su r faces  that can reproduce the lunar scat ter ing law. 
cluded that the su r face  of the Moon is covered with a layer of fine 
rock dust composed of par t ic les  of the o rde r  of IO-micron average 
diameter  and t h a t  90% of the volume of  the surface layer is voids. 

Measurement of the reflection laws of a wide variety of surfaces  

Surfaces  of solid rocks.  

It is con- 

i t s  surface is exposed to  bombardment by cosmic radiation. 
r e su l t s  in spallation of the surface nuclei, yielding neutrons. some  
of which constitute albedo. In o rde r  to es t imate  the albedo, it is  
necessary to know the intensity and composition of cosmic radiation, 
the composition of the Moon's surface.  and the c r o s s  section for 
the production of neutron albedo. The composition of  the Moon' s 
surface is inferred only from telescopic observation. 
the values of neutron albedo from the top 1 c m 3  of the Moon's s u r -  
face, assuming the composition to be basalt ic rock. 

Th i s  

A table shows 

A63-222OS 
THE HEAT BALANCE O F  THE LUNAR SURFACE LAYER DURING 
A LUKATION. 
V. D. Krotikov and 0. B. Shchuko (Gor'kii  State University.  
Radiophysics Institute. Gor'kii. USSR). 
(Astronomicheskii  Zhurnal,  vol. 40,  Mar.  -Apr. 1963. p. 297-303. ) 
Soviet Astronomy, vol. 7?  Sept. -0ct.  1963. p. 228-232. 11 refs.  
Translation. 

Presentat ion of BESM-2 computer calculations of the heat 
balance of the lunar surface during a lunation fo r  the homogeneous 
model of the lunar surface.  The computations provide a basis  for 
deriving the t empera tu re  distribution function over  the lunar  s u r -  
face f o r  any phase. i n  a Four i e r  s e r i e s  representation. 
indicate that the change in the surface t empera tu re  for  the subsolar  
point in each of the cases  considered failed to  exceed 2.0%. 
means that the lunar surface may be a s sumed  to be an  absolute 
blackbody with sufficient accuracy in heat -balance calculations. 

The r e su l t s  

This  

A-22225 
TERRESTRLAL OCEANIC RIDGES AND LUNAR MARE RIDGES. 
Gilber t  Fielder  (University of London Observatory.  London. Eng- 
land). =. vol. 199. Aug. 3,  1W3. p. 473. 

and lunar a r i n k l e  (or  n u r e )  ridges.  Among the similarities noted 
is the fact  that some t e r r e r t r i a l  r idges termi~ate by  y.dging out 
md others end in major * t r ike -d ip  faults;  p rec i r e ly  there propor- 
tier desc r ibe  the tormkral stages  of lunar wrinkle r idger .  much u 
the furcatlng wrinkle ridge in Sinus Aertuum which s l i ce s  the Apan- 
nines in s t r ike - s l ip  faul ts  as far as the ruined ring Marco Polo. 
The fact  that no evidence exis ts  f o r  recent  continental dr i f t  on the 
Moon is briefly discussed.  

14 refs .  
Discussion of a possible malogy between terrertrial ocean r idges 

A63-2l755 

SURFACE. E F F E C T  OF GRAVITY ON THE MOBILITY OF A LUNAR VEHICLE. 
Bruce w. Hapke (cornel l  ~ ~ i ~ ~ ~ ~ i ~ ~ ,  center for  R~~~~~~~~~~~ and George A. Costello (University of Il l inoir ,  Dept. of Theoret ical  and 
Space Research.  I thaca.  N. Y. \. Applied Mechanics. Urbana, Ill. ) and Donald L. D e r h i r s t  (Chry r l s r  

A THEORETICAL PHOTOMETRIC FUNCTION FOR THE L m m  r-22742 

. -.-. . ~ _ , _  
Journal of Geophysical Research,  vol. 68, Aug. 1, 1963, p. 4571- 
4586. 15 r e f s .  AIM Journal ,  vol. 1, Sept. 1963. p. 2157-2159, 

CorP. 8 Defenne Operation* Division. Detroit* Mich- )* 

Grant No. NsG-119-61. 

photometric propert ies  of the lunar surface.  
the differential  and integral  brightnes. a re  obtained, 
su r f ace  on which the derivation is based consists of a semi-infinite, 
porous layer of randomly placed obscuring objects suspended in 
depth in such a way that the intersticen separating them are 
connected. 
of su r f aces  descr ibed by this model, but volcanic foam is not. The 
shape of the photometric curve depends on the fractional void vol- 
ume. 

Presentat ion of a dimensional analysis  f o r  determining the 
effect of gravity on the t ract ive effor t  of a vehicle moving in a soil. 
The theory shows that the effect  of lunar gravity may be simulated 
by changing controlled variables.  Tes t  r e su l t s  a r e  presented for  a. 
six-wheel model operating in 114-in. gravel. These  r e su l t s  show 
that,  f o r  a vehicle traveling in a horizontal  plane on a cohesionless 
soil ,  the percent s l ip .  for a given rat io  of drawbar  pull t o  vehicle 

Theoretical  derivation of a formula describing the observed 
Functions f o r  both 

~h~ model 

A layer  of f ine,  loosely compacted dust i s  in the category weight. is practically unaffected by changes in gravity. 

Bulk densi t ies  of the o r d e r  of 0.1 that of solid rock a r e  implied ~ ~ - 2 3 4 1 7  
fo r  the upper l aye r s  of the surface of the Moon. TECHNOLOGY O F  LUNAR EXPLORATION. 

NAUTICS AND AERONAUTICS. VOL. 10. 
Edited by Clifford 1. Cummings and Harold R. Lawrence. 
(California Insti tute of Technology, J e t  Propulsion Laboratory,  

New York and London, Academic P r e s s ,  Inc. ,  1963. 

PROGRESS IN M T R O -  

A63-12079 Pasadena,  Calif .  ). 
ESTIMATE OF NEUTRON ALBEDO ON THE MOON'S SURFACE 
RESULTlNG FROM COSMlC RADIATION. $13.75. 
M. V. K. Appa Rao (University of Rochester ,  Dept. of Physics  
and As:ronomy. Rocheater .  N. Y. ). 
Science,  vol. 141, Aug. 9, 1963. p. 530. 531. 
Grant No. AT-AFOSR-62-32. 

radiation. 

450 p. 

Collection of papers  concerning the var ious s t ages  of accom- 
plishment of a lunar mission, involving landing on or orbit ing the 
Moon, and returning to Ea r th .  The pape r s  a r e  divided into s i x  ./ 
sections.  
the lunar  environment,  including i t s  internal  s t ructure ,  and what 
might be encountered in some of the init ial  lunar  f l i gh tp rograms .  

The f i r s t  i s  devoted to the problem of trying to define 
Calculation of neutron albedo on the Moon caused by cosmic 

Since the  Moon does not s eem to have an atmosphere.  
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T h e  second section explores the problems as ioc ia ted  with the Ohio. July 17-19, 1962. 
l imitation imposed upon lunar missions by the launch vehicles and IN: TECHNOLOGY OF’LUNAR EXPLOMTION.  PROGRESS IN 
launching faci l i t ies ,  including launch, midcourme, and rendezvous ASTRONAUTICS AND AERONAUTICS. VOL. 10. Edited by . 
techniques. Clifford I. Gumming. and Harold R. Lawrence. 
techniques requi red  for lunar miss ions .  Technology and specific London. Academic Press, be., 1963, p.  83-96. 
subsys tems a r e  discussed in  relation to the requi rements  imposed 
by specific miss ion  objectives. The fourth descr ibes  the actual of photographic and cartographic products of the Moon. Described 
landing on the Moon and sub8equent su r face  operations.  fo r  which a r e  i l lustrative exunples of map sections and of rectified lunar 
the Apollo program is considered. The fifth covers  the lunar  launch, photographs obtained by moans of globe projection. 
re turn  flight. re-entry,  and subsequent landing on Ea r th .  The sixth 
section repor t s  the status of the projects which represent  the U.S. 
lunar exploration program. 
and indexed in this issue. 

The third section exammes spacecraf t  s y s t e m s  and New York and 

Br ie f  review of an Air  F o r c e  program for publishing a s e r i e s  

The papers  a r e  individually abs t rac ted  
A a - n m  
REACTION O F  THE LUNAR SURFACE TO THE IMPACT O F  A 
LUNAR PROBE. 
J. William Gehring, Jr. and David W. Sieck (General Motors 

AM-23418 
INTERNAL STRUCTURE O F  THE MOON. 
Zdenek Kopal (University of Manchester,  Manchester,  England, 
and  California Institute of Technology, J e t  Propulsion Laboratory,  

Gorp., Hyperballi&s Group, Santa Barbara ,  Calif. 1: 
IAmerican Rocket Society, Lunar Missions Meeting, Cleveland, 
Ohio, July 17-19, 1962. 
IN: T E C H N O U X ; ~  OF’LUNAR EXPLORATION. P R ~ R W S  IN ~~~ 

Pasadena, Calif. ). ASTRONAUTICS AND AERONAUTICS. VOL. 10. Edited by 
JAmerican Rocket Society. Lunar Missions Meeting. Cleveland. Clifford I. Cummings and Harold R. Lawrence. New York and 
Ohio, Ju ly  17-19, 1962.) 
IN: TECHNOLOGY OF LUNAR EXPLORATION. PROGRESS IN Experimental  investigation of the var iab les  assoc ia ted  with a 
ASTRONAUTICS AND AERONAUTICS. VOL. 10. Edited by 

London, Academic Press. Inc.. 1963. p. 97-136. 

Droiectile imnactinn on ta rge ts  designed to  simulate the lunar s u r -  

15 r e f s .  

. -  I I I 

Clifford I. Cummings and Harold R. Lawrence. 
London, Academic Press.  Inc. ,  1963. p. 3-33. 38 r e f s .  
Contract No. NAS 7-100. 

Review of theoretical .nd e r p e r i m e n a  investi8ation. Of the 
ProSesses  operative in the inter ior  of the Moon. and of the Phe- 
nomen. these processes are likely to produce. Considered a re :  
(1) the chemical composition of the Moon. ( 2 )  the hydrostatic e@- 
l ibr ium of the lunar interior,  ( 3 )  the thermal  history of the Moon, 
and (4)  the escape  of volatile* f r o m  the lunar inter lor .  It 18 shown 
that a mean density of 3.34 g l c m 3  suggests the Moon to be of a 
cornposition s imi l a r  to that of the t e r r e s t r i a l  mantle (or  the non- 
volatile fraction of the so l a r  atmosphere).  but is e i ther  deficient in 
i ron  o r  enriched by some common low-density substance.  

sma l l  but significant. In par t icu lar ,  the difference of lunar angular MAN-TO-THE-MOON AND RETURN MISSlON UTILIZING LUNAR- 
momenta about the three principal axes of iner t ia  a r e  inconsistent SURFACE RENDEZVOUS. 
with a hydrostatic equilibrium a t  any distance from the Ear th .  The John G .  Small  and W .  J .  D a h o w e r  (California In#tibAte Of 

near -spher ic i ty  of the Moon reveals that i ts  c rus t  cannot sustain Technology, J e t  Propulsion Laboratory.  Sys tems Design Section. 
la rge-sca le  differences in level exceeding 1 to  2 km; and the absence Pasadena. Calif. 1. 

New York and face.  
mater ia l ,  and velocity into a variety of t a rge t  mater ia l s .  
tions were  made, and quantitative data were  obtained for the 
magnitude of the luminosity of the impact flash, the duration of the 
flash. and the spec t rum of emitted light. Also. high-speed optical 

projecti le and the debr i s  ejected from the resultant c r a t e r .  F r o m  
the analysis of the experimental data, an can be made of 
the impact flash likely to be observed on impact of a lunar probe 
on the M ~ ~ ~ I  surface. 

The tests consisted in firing pro jec t i les  of var ied  m a s s ,  
Observa-  

were to determine the di.posltlon of the impacting 

Devia- 
tions of the m a s s  of the Moon f rom hydrostatic equilibrium a r e  A 6 s 1 3 u 6  

~ 

of f ree  physical libration signifies that the rigidity of the lunar 
globe must be smaller than that of the Ear th .  

AM-23419 
A LUNAR SURFACE MODEL FOR ENGINEEFUNG PURPOSES. 
Victor P. Head (RCA, Ast ro-Elec t ronics  Division, Lunar and Space 
Exploration Section. Princeton. N.J.  ). 
(American Rocket Society. Lunar Missions Meeting, Cleveland, 
Ohio, July 17-19, 1962.) 
IN. TECHNOLOGY OF LUNAR EXPLORATION. PROGRESS IN 
ASTRONAUTICS AND AERONAUTICS. VOL. 10. Edited by 
Clifford I. Cummings and Harold R. Lawrence. New York and 
London, Academic Press.  Inc. .  1963, p.  35-81. 24 r e f s .  

Theoretical  analysis of the subresolution su r face  geometry and 
soi l  s t rength  of the lunar mar ia ,  by using data f r o m  various experi- 
mental  mvestigations. Continuous and overlapping c ra t e r l e t s  in 
s in te red  granular  rock of strength proportional to depth a r e  p r e -  
dicted for the l ea s t  formidable a reas ,  and a r e  demonstrated by 
table-top models of the lunar surface and by s ta t is t ical  and therm* 
mechanical s tudies .  Scale factors  required for dynamic model 
testing of a lunar surface mechanism a t  Ea r th  gravity a r e  der ived  
and tabulated, taking into account the interaction between model 
mechanism and environmental model terrain.  

AM-23420 
U .  S. AIR FORCE CARTOGRAPHIC SUPPORT O F  LUNAR 
MISSIONS. 
Robert  W. C a r d e r  (USAF. Aeronautical Chart  and Information 
Center.  St. Louis. Uo.). 
J h e r i c a n  Rocket Society, Lunar Yias ioas  Mooting. Cleveland, ~- ,. 

IAmerican Rocket Society, Lunar Missions Conference, Cleveland. 
Ohio. July 17-19, 1962. ) 
IN:  TECHNOLOGY O F  LUNAR EXPLORATION. P R O C W S  IN 
ASTRONAUTICS AND AERONAUTICS. VOL.’lO. Edited by 
Clifford I. Cummings and Harold R. Lawrence. 
London, Academic Pres., Inc.. 1963, p. 483-532. 
Contract No. NAS 7-100. 

Moon at an ear ly  date.  
a s  one of the possible solutions. 
considered a re :  escape  f rom Ear th ,  t r ans i t  to  the Moon, lunar 
launch and inJection, re turn  t r ans i t  to Ea r th ,  support  and protection 
of human crew members  throughout all phases .  and abor t  capability 
fo r  the manned portion of the sys tem.  
of this mission, each module is examined separa te ly .  
a r e a s  a r e  identified and operational sequenccs a r e  outlined. 

New York and 

Exammation of the problems involved in placing a man on the 
A lunar rendezvous technique is suggested 

Among the mission procedures 

Because of the complexity 
Cri t ical  

A63-25449 
RANGER PROJECT STATUS. 
J. D. Burke (California Insti tute of Technology, Jet  Propulsion. 
Laboratory.  Pasadena, Calif. ). 
IAmer ican  Rocket Society, Lunar Missions Meetmg. Cleveland, 
Ohio, July 17-19, 1962.) 
IN: TECHNOLOGY O F  LUNAR EXPLORATION. PROGRESS IN 
ASTRONAUTICS AND AERONAUTICS. VOL. 10. Edited by 
Cl i f fordI .  Cummings and Harold R. Lawrence. 
London, Academic P r e s s ,  Inc.. 1963, p.  855-875. 
Contract No. NAS 7-100. 

w a s  planned to  produce scientific data on the environment and 
composition of the Moon for  use in the NASA manned lunar explora-  
tion program.  The Ranger spacecraf t  c a r r y  experiments for 

New York and 

Review of the accomplishments of the Ranger Project.  which 

00 



measuring radiation levels.  determining lunar r ada r  reflectivity 
character is t ics ,  taking and t ransmit t ing TV pictures  of the surface.  
and rough-landing a survivable capsule instrumented to measu re  
se i smic  dis turbances on the Moon. Later  flights wlll  c a r r y  a high- 
resolution 'I Y subsystem. 
orbi t  because of f a i lu re s  in the booster vehicle. Launch-vehicle 
guidance malfunctions resul ted in out-of-tolerance injection velocity 
for Ranger ILI, which yielded useful data not completed success -  
fully. 
t o  the Central  C o m p t e r  and Sequencer prevented performance of 
t imed events o r  acceptance of commands; the spacec ra f t  was  
t racked to impact on the f a r  side .of the Moon on April  26. 1962. 

Rangers  1 and I1 remained in low Ear th  

Ranger IV was injected normally but apparent loas of power 

A63-23476 
NAVIGATIONAL ENVIRONMENT O F  THE MOON. 
E a r l  J. McCartney (Sperry Rand Corp. ,  Spe r ry  Gyroscope Co., 
Marine Division. Garden City, N. Y. 1. 
(Institute of Navigation. Eas t e rn  Regional Meeting. New York, 
N.Y., Nov. 8. 1962.) 
Navigation, vol. 10, Summer 1963, p. 154-160. 

lunar navigation requirements.  
a r e  evaluated in t e r m s  of the lunar environment. P rob lems  of 
solar  radiation. meteors ,  lunar weather,  dust ,  and topography 
a r e  considered. It i s  indicated that celestial  methods could be 
extremely valuable for navlgation on the Moon. It is therefore  
suggested that the lunar almanac tables  be constructed and made 
available for  lunar naviEation. 

- . - - _ _  - - 

Discussion of the relation beqween the lunar environment and 
Several  Ea r th  navigation methods 

A63i23478 
PICTORIAL GUIDE TO THE MOON. 
Dinsmore Alter (Griffith Observatory,  Los Angeles. Calif. ). 
New York. Thomas Y. Crowell  Co., 1963. 183 p. 
S6. 95.. 

De!ailed presentation of information about the Moon, accom- 
panied by over 100 photographs of the lunar surface in different 
phases and varying conditions of illumination. Considered are:  
(1) ear ly observations of the Moon; ( 2 )  contemporary studies; 
(3) the lunar surface,  including mountains, c r a t e r s .  plains and 
seas ;  (4)  lunar r ays ;  (5) t idal  forces;  and (6) effor ts  t o  land on the 
Moon. 
famil iar  to the layman. 

A glossary def ines  t e r m s  in the text which might be un- 

A63-13640 
ISOTHERMS O F  CRATER REGlONS ON THE 1LLUMINATED AND 
ECLIPSED MOON. 
J. M. Saari  and R. W Shorthill (BoeingCo , Screntific Research 
1 abord lo r i r s ,  Seatt le.  Wash. ). 
l ca rus .  V I I I  2 ,  4ug. 1963. p 115-136. 26 r c f s .  
Cuntrdct No IF IR(600)-1&24. 

Review of scan p rograms  of the Moon using a thermrstor  bo- 
Ium-trr  over  a variety of c r a t c r  regions,  both under illumination 
nvar 'he full Moon .ind durlng the September 5 ,  1960 eclipse.  
t he rms  a r e  constructed and reldtrd t u  su r f ace  features .  All five 
r , f  the rayed c r a t e r s  observed during the ecllpse exhibited anomalous 
cooling. the effect being greatest  fo r  Tycho and progressively l e s s  
fo r  Aris tarchus.  C o p e r n ~ c u s .  Proclus .  and Kepler.  Several  expla- 
nations of  the phenomenon d r e  discussed.  including thinner dust 
layer .  lower emissivi ty ,  and subsurface heating. Variations ob- 
served on the illuminated Moon can be attr ibuted to differences in 
albedo and local inclinations of the surface.  Further  investigations 
a r e  indicated to quantitatively relate  the observed temperature  dlf-  
ferent ia ls  to measured values of albedo and inclination. and to other  
propert ies  of the surface.  

Iso- 

A6323643 
A HYPOTHESIS THAT THE SURFACE O F  THE MOON IS COVERED 
WITH NEEDLE CRYSTALS. 
Albert R. Hibbs (California Institute of Technology, J e t  P rop l l s ion  
Laboratory,  Pasadena,  Calif. ). 
Icarus .  vol. 2 ,  Aug. 1963, p. 181-186. 13 refs.  
Contract No. NAS 7-100. 

idea for the surface mater ia l  of the Moon, namely, that the su r face  
which would resul t  f rom impact phenomena as a formative p rocess  

Description of an  al ternate  hypothesis to the powdered-rock 

is composed pr imari ly  of a mat of needle c rys t a l s .  The hypothesis 
is based on laboratory experiments  on the condensation of ma te r i a l  
f rom a vapor to a solid phase in a region of p r e s s u r e  and t empera -  
t u r e  that precludes a liquid phase. 
and p res su re  that would apply to mater ia l  condensing f rom the vapor 
to a solid phase on the su r face  of  the Moon or, generally,  in inter-  
planetary space.  It is suggested that the p r imary  solid ma te r i a l  of 
the solar  sys t em was a l so  of thls f o r m ,  as a r e  the me teo r s  which 
account for  the faint meteor  anomaly. It is fu r the r  suggested that 
even the surface of  the Moon result ing fundamentally f rom volcanic 
p rocesses  would, a s  a result  of subsequent bombardment of sma l l  
par t ic les ,  be covered with at least  a thin fuzz of needle c rys t a l s .  

This  is the region of t empera tu re  

A63-23701 
PENETRATION OF SPACECRAFT BY LUNAR SECONDARY 
METEOROIDS. 
Willard S. Boyle and G. Timothy O r r o k  (Bellcomm. Inc. ,  Space 
Scierrce and Exploratory Studies Division. Washington. D. C. ). 
AIAA Journal,  vol. 1. Oct. 1963, p. 2402-2404. 

on the lunar surface.  in o rde r  to se t  l imits  on the probabili ty of 
puncture by secondary meteoroids generated at  the surface.  
fact  that the total  kinetic energy available for the secondary par t ic les  
i s  bounded by the kinetic energy of the p r imary  particle i s  u sed  to 
find a restr ic t ion on the integrated energy spectrum of the secondary 
par t ic les ;  the increase in the flux of par t ic les  exceeding a given 
energy i s  derived. 
skin penetrated by a particle depends only on the kinetic energy;  it 
i s  shown that the probability of puncture is .  a t  most .  increased by 
only a sma l l  factor.  

General  examination of the problem of the spacecraf t  a t  r e s t  

The 

It is assumed that the thickness of protective 

A63- 24112 
POShIBLE ORIGIN OF THk: LUNAR WALLED P L N N  P.rOLEMAEUS. 
R .  D. Strum dnd A .  Palm (Untvt,rall) < , I  Calilurnld.  >pa<c. Sc ivnr r s  

A64-10163 
COMMUNICATIONS. 
Sidnev Metzner.  
Astronautics and Aerospace Engineering. vol. 1. Nov. 1963. 
p.  110-113. 

Review of the s ta te-of- the-ar t  of communication satel l i tes .  
Recent developments in space tracking techniques and radio command 
sys t ems  a r e  discuesed. 
a r e  outlined. 
high-precision, long-range tracking and Moon mapping. such as the 
NASA experiment of. precision optical tracking with the S-66 geodetic 
satel l i te .  
and 11. Relay I, and Syncom 1 and I1 a r e  discussed with emphasis  on 
satell i te weight reduction, attaining a 24-hr orbit ,  continuous com- 
munication via satell i te f o r  a 24-hr period, station keeping. and 
establishing a man-made orbiting dipole belt. 

The ObjeCllveS of the Mariner  experiment  
Recent experiments a r e  briefly reviewed concerning 

Advances in technology made in the flights of Te l s t a r  1 

A6410387 
THE ORIGIN OF TEKTITES. 
John A. O'Keefe (NASA, W d a r d  Space Flight Center .  Greenbelt ,  
Md. 1 .  

61 



I N  T fRTITES 
Edited b) John A O'Keefe. 
Chicago and London, University of Chicago P r e s s .  1963, p. 167-188. 
1 7  r e i s  

f o r  the origin of tektites. 
which there I S  relative certainty a r e  f i r s t  considered. including 
th r i r  oriCLn i n  mrtrorit ic ~ m p a c t .  their  short  t ime in space a s  tekti tes,  
and the supposltion that debris  of lunar origin must be reaching the 
Farth i n  some form.  
of t t  r r e s t r i a l  origin are delineated. including the Earth-like chem- 
I s t r )  and isotope ratios,  the distribution in megameter-s ize  s t rewn- 
fields,  and the relation of the Riee Cra t e r  to moldavltes.  
.+g :a inat  t h l s  hypothesis include the obserbation that impact glasses  
d r e  generally unlike tektites. and the difficult) of explalnlng dis t r ibu-  
tion from ground Impact. This hypothesls of t e r r e s t r i a l  origin i s  r e -  
jected.  and the reasons fo r  accepting that of lunar origin a r e  outlined. 

- _  
Comparison and evaluation of the t e r r e s t r i a l  and lunar hypotheses 

Those aspects  of tektlte formation for 

Arguments for the validity of the hypothesis 

Arguments 

A64-11227 
NEW DATA O N  THE STRUCTURE O F  THE LUNAR SURFACE 
[NOVOE 0 STROENlI LUNNOI POVERKHNOSTI]. 
N. F. Kuprevich (Akademiia Nauk. Glavnaia Astronomicheskala 
Observator  i ia , Pu lkovo , USSR). 
Aatronomicheskii  Zhurnal, vol. 40. Sept. -0ct .  1963, p. 889-896. 
In Russian,  with summary in English. 

Presentat ion o f  t h e  resul ts  of observatlons of the Moon i n  the 
infrared spectral  region 0.9 - 2.3 u, using a televbsion system. 
The equipment used is briefly described. Photographs < > f  t h e  M u o n ,  
obtained i n  the visible and in f r a red  spectral  r e g l n n s ,  . i r r  c~,rnparcd,  
and details  o n  the structure of  !h r  1un.1~ surface,  d v : i i : c d  
infrared phi>tographs.  ctrc. des<  ribcd. 
served 
cxplainrd b y  
t h e  Iun.ir s u r f a c r  i n  f h r  Infrarvd. 
on the lunar s u r f a c e  I S  probably very t h ~ n  t ) r  ~ i ) ~ n p l c t < . l y  absent. 

AM-11461 
THE GEOLOGY O F  THE LUNAR BASE. 
Jack Green (North American Aviation. Inc. ,  Space and Information 
Systems Div.,  Downey, Calif. ) .  
IN: ADVANCES IN THE ASTRONAUTICAL SCIENCES. VOL. XI .  
Edited by Horace Jacobs. 
(American Astronautlcal Society, Aiindal Meeting, 8th. Washington, 
D. C . ,  Jan. 16-18. 1962, Proceedings: ) 
North Hollywood, Calrf . ,  Western Periodicals Co . ,  1963, p .  455-514. 
54  r e f s .  

f o r  the selection of a slte and the construction and maintenance of a 
lunar base ,  Covered are lunar  volcanic merhanlsms.  the macro -  
relief of lunar terrain,  mega-  and macro  rellef t e r r a in  features ,  
mineralization, thermal sou rces ,  and base considerations.  It i s  
indicated that a greater  sensit ivity to volcanic phenomena might 
exis t  on the Moon because of t idal  and gravity effects .  
t ides would tend to  fracture the lunar c rus t  and promote the genera-  
tion of magma.  
and expand f a s t e r  than they r ise  relative to t e r r e s t r i a l  ra tes .  
more  explosive type of volcanism mlght therefore  be o r  have been 
produced. Detalls of lunar su r face  features  support  a volcanic o r i -  
gin. Base s i te  selection may  have to compromise the requirements  
of many scientific and engineering disciplines.  
will probably be controlled b y  t ra jectory considerations and t e r r a in  
and mineralization features of the base s i te .  
polar caldera-type lunar c r a t e r  will probably be superior  to an i m -  
pact c r a t e r  o r  a basaltic flood plain. In l a t e r  base operations,  more  
independence may permit base location, perhaps.  in a polar location 
adjacent to e ternal ly  shadowed zones which may be mineral ized;  
he re ,  continuous sunlight i s  available for  ecological functions. At 
l ea s t  seven technologies may  be required to maintain the lunar base.  
a l l  of which involve the geoscientist :  (1) tunneling and base construc-  
t ion,  (2)  extraction of gases f rom rock froths ,  (3) extractlon of water  
f r o m  volcanics,  (4)  the processing of sulfur.  ( 5 )  mineral dremming 
using existing raw mater ia ls .  (6) the metallurgy of basalt .  and (7) 
the selective volatilization of rocks using plasma technique.. The 
significance of the topographic law in lunar c r a t e r s  is dimcummed 
f r o m  the standpoint of localizing mineralization, including water .  

I t  IS dssunivd th . i t  the ob- 
r r . t s e  > n  t h y  c,,ntrdst u f  1nfr.irc.d phot,,graphs can br 

decrvdsc In the l u m i n r s c r n ~ r  o f  scp,iratv details of  
I I  IS sugyc'st<.r l  th.tt t h r  dust layer 

Study of the geology of the lunar surface in view of requirements  

Earth-induced 

Bubbles would tend to nucleate deeper on the Moon 
A 

Early base operatlonm 

For  this reason. a non- 

A64-1- 
THE CRATER CONTRIBUTION TO SURFACE ROUGHNESS OF 
THE MOON. 
M. Kornhauser (General Electr ic  Co. ,  Mimsilc and Space Vehicle 
Dept. ,  Philadelphia,  Pa.  ). 
IN: ADVANCES IN THE ASTRONAUTICAL SCIENCES. VOL. XI. 
Edited by Horace Jacobs.  
(American Astronautical  Society, Annual Meeting, 8th. Wamhington, 
D. C., Jan.  16-14 1962. Proceedings.)  
North Hollywood, Calif . ,  Western Periodicals  Co. ,  1963, p. 517-525. 

Discussion of some of the problems associated with the rough- 
nes s  of the lunar  surface due to c r a t e r s .  By plotting numberm of 
c r a t e r s  ve r sus  s i r e  and extrapolating below the mire l imit  of telemcop- 
ic  resolution. i t  i s  found that lesa  than ten per  cent of the Moon'. 
surface i s  covered by c r a t e r s .  In local  a r eas .  however,  the murface 
may  be almost  ent i re ly  covered by c r a t e r s .  
a r e  an inverse function of s i ze .  the 10, 000 ft diameter  c r a t e r  having 
a maximum slope of 28O while the 1, 000 ft  diameter  c r a t e r  ham a 
maximum slope of 46O. It i s  concluded that  some  a rcaa  of the Moon 
should be easy  to t r a v e r s e ,  while others  mus t  be impassable.  
c r a t e r  s ize  distribution on the Moon does not co r re l a t e  well  with'the 
s ize  distribution of sporadic meteoroid8 current ly  existing in  Ea r th -  
Moon space.  indicating that this may be a function of geologic t ime. 

Slopes inside tt.e crater.  

The 

AM-11-1 
RADAR REFLECTION FROM A ROUGH MOON DESCRIBED B Y  
A COMPOSITE CORRELATION FUNCTION. 
F r e d  B. Daniels (U.S. Army,  Electronics  Research and Develop- 
ment Laborator ies ,  F o r t  Monmouth, N.J . ) .  
(U.S. Army, ELRDL TR 2314.) 
Journal of Geophysical Research,  vol. 68. Dec. 1, 1963, 
p.  6251-6254. Abridged. 

Examination of the theory of r ada r  reflections f r o m  a rough 
planetary su r face  fo r  the case  of deep modulation where the murface 
correlat ion function coni ia ts  of two components having great ly  dif- 
ferent  s t ructure  s izes .  
principle holds f o r  the angular power spectrum and that the individ- 
ual components may be detectable by high-remolution pulae tech-  
nique.. Recent lunar experiments  by Mehuron a r e  found t o  mhaw 
the existence of two ouch components. The theory a l a0  leadm to the 
conclusion that the angular power apectrum of the echoem cannot be 
computed from the resul ts  of CW measurements  for the type of 
surface considered. 

I t  is found that a modified muperpomition 

A 6 4 4 1 6 0 1  
THE GEOLOGY O F  THE LUNAR BASE 
BASE CHRONOLOGY 
SITES 
Jack Green (North American Aviation, Inc., Space Sciencem 
Laboratory,  Downey. Calif. ). 
New York Academy of Sciences,  Annals, vol. 105, ar t .  9, Oct. 22. 
1963, p. 491-625. 203 refs.  

ments  f o r  s i te  selection and the construction and mamtensnce of a 
lunar base.  Covered a r e  such toplcm am volcanic mechanimmm. the 
microrel ief  of lunar terrain.  megarelief and macrorel ief  t e r r a l n  
features ,  minerallzation, t he rma l  aourcem, bame-mite considera-  
t ions,  and base technology. 
tion of t idal  and gravity effects operative o r  once operatlve on the 
Moon, one might expect a g rea t e r  sensitivity to volcanism on the 
Moon than on the Ea r th  
volcanic t e r r a in  include lava tubes.  caves,  and f issures .  In ad-  
dition, mineralization. such a s  ice  o r  sulfur.  can conceivably exis t  
in volcanic environments but not i n  impacted ones. 
sources ,  including volcanos in lunar calderas .  and fracture  and r ay  
intersect ions should be considered in selecting the lunar base. 
selection may have to compromise the requirements  of many scien-  
t if ic disciplines.  
t e r r a in  and mineralization advantages. 

Appendix A - LUNAR 
Appendix B - SIMULATED LUNAR BASE 

Study of the geological nature  of the Moon in view of the requlre-  

It I S  concluded that,  f rom a conmidera- 

The advantages offered the lunar base by 

Therma l  

This  

The f i r s t  base will probably be determined by 

A 6 4 1 2 3 4 6  
SIGNIFICANT MEASUREMENT IN THE LUNAR PHOTOGRAPH. 
L .  Harold Spradley (USAF, Aeronautical  Chart  and Information 
Center,  S t .  Louis,  Mo.) .  
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(American Society of Photogrammetry - American Congress of 
Surveying and Mapping. Convention. Washington. D . C . ,  Mar .  
24-30, 1963.) 
Photogrammetr ic  Engineering, vol. 29. Nov. 1963, p. 941-946. 

the Moon taken with astronomical  te lescopes.  
with obtaining lunar photographs a r e  reviewed. and groups of exis-  
ting lunar  photographs a r e  discussed.  Methods fo r  analyzing these 
photographs a r e  presented,  and the relative effectiveness and l imit  
of application of each method a r e  'discussed. 

Discussion of difficult ies involved in analyzing photographs of 
Problems associated 

A 6 4 1 2 6 3 2  
THE LUNAR SURFACE: INTRODUCTION. 
Frederick E .  Wright. F. H. Wright, and Helen Wright (Mount 
Wilson and Palomar Observator ies ,  Palomar,  Calif. ). 
IN. THE M O N ,  METEORJTES, .AND COMETS. Vo!. IV - The 
Solar System. 
Edited by Barba ra  M. Middlehurst  and Gera rd  P. Kuiper. 
Chicago and London, University of Chicago P res s .  1963, p. 1-56. 
303 refs .  

Review of pertinent observations which contribute to our present  
knowledge of the lunar surface.  Examined are:  the conditions which 
might prevail  a t  the lunar surface.  lunar radiation. photometry and 
color imetry of the lunar surface and the polarization of reflected o r  
scat tered light. mapping and tbpographic methods,  the volcanic and 
the meteori te- impact  hypotheses for  the origin of lunar features ,  
and observations on mar i a ,  mountain ranges,  r i l les  and rays.  
Lunar ball ist ics a r e  discussed in some detail. 

A64-12633 
SELENOGRAPHY. 
D. W .  G. Arthur (Arizona. University. Lunar and Planetary 
Laboratory,  Tucson, Ariz .  ). 
IN: THE MOON, METEORITES, AND COMETS. Vol. I V  - The 
Solar Sys tem.  
Edited by Barba ra  M. Middlehurst  and Gera rd  P. Kuiper. 
Chicago and London, University of Chicago P r e s s ,  1963, p .  57-89  
15 refs .  

mathematlcal  selenography. The discussion IS st r ic t ly  geometric 
and kinematic and 1s based on the empir lcal  laws of Cassinl.  In-  
cluded in the discussion a r e .  ( I )  the optical l ibrat ions,  ( 2 )  elements  
of the mean lunar equator ,  ( 3 )  r igorous and approximate formulas  
fo r  the optlcal l ibrat ions.  (4 )  conversion of geocentrlc to topocentric 
l ibrat ions,  ( 5 )  the Moon' s heliocentric coordinates.  ( 6 )  the position 
angle of the lunar t e rmina to r ,  (7) the Moon's topocentric and sele-  
nographic 'coordinates.  ( 8 )  the reduction of micrometr ic  measures  
f o r  posit ion,  (9 )  relative lunar alt i tudes from shadon measurements  
and (IO) the determinatlon of c r a t e r  d i ame te r s .  

Detailed descriptlon of the formulas  and computing methods of 

A6412634 
INVESTIGATION OF THE FAR SIDE O F  THE MOON WITH THE 
AID O F  ROCKETS. 
SIDE O F  THE MOON. 
Y .  N. Lipskii  (Shternberg Astronomical Insti tute,  Moscow. USSR), 
I. I. Breydo, and D. E .  Shchegolev (Main Astronomical Observatory,  
Pulkovo. USSR). 
IN: THE MOON, METEORITES, AND COMETS. Vol, IV - The 
Solar  System. 
Edited by Barba ra  M. Mlddlehurst  and Gera rd  P. Kuiper.  
Chicago and London, University of Chicago P r e s s ,  1963, p. 90-122. 

(1959 Theta I ) .  
the method of temperature  control,  and the directional and or ien-  
tation controls.  Outlined a r e  the considerations involved in the 
choise of a t ra jectory.  
to obtain an optimum sequence of photographs of different  pa r t s  of 
the su r face ,  the srannllrg method used in trans-ission of the photo- 
graphic data ,  and the processing of the mater ia l  on Earth.  
cussed a r e  the detai ls  of the lunar features  observed on the f a r  side 
of the Moon, the various formations discerned a r e  grouped in three 
categories  of probable reliabil i ty.  
tions made by recordings on magnetic tape of the signals f r o m  the 

Appendlx - SCHEMATIC MAP OF THE FAR 

Discussion of lunar observations made with the Soviet Lunik 3 
Noted a r e  the instruments  ca r r l ed  by the rocket,  

Examined a r e  the techniques employed 

Dis-  

Presented a r e  several  reproduc - 

original negative. 
of the Moon is t reated in an Appendix. 

The plotting of a schematic  map  of the far side 

A64-12635 
EVALUATION O F  THE SOVIET PHOTOGRAPHS O F  THE MOON'S 
FAR SIDE. 
E.  A. Whitaker (Arizona, University. Lunar  and P l a w t a r y  Labo- 
ra tory,  Tucson, Ariz .  ). 
IN: THE MOON, METEORITES. AND COMETS. Vol. I V  - The 
Solar System. 
Edited by Barba ra  M. Middlehurst  and G e r a r d  P. Kuiper.  
Chicago and London, University of Chicago P r e s s .  1963. p. 123-128. 

Discussion of the photographic techniqces used to ex t r ac t  a 
maximum of information from published photographs of the f a r  side 
of the Moon, obtained with both an 8-in.  and a LO-in. focus lens .  A 
JciienratiL rnap p i spa r+d  by traLLrlg :ran,, the p L ~ i v y r a p : ~ s  rr~acic L) 
the Soviet Lunik 3 (1959 Theta 1) i s  presented.  The extraction tech-  
niques a r e  claimed to have greatly simplified the evaluation of the 
Lunik 111 photographs and the identification of features of both 
ear thward and averted hemispheres .  Straight  l ines  caused by 
electronic interference and incomplete development were eliminated, 
and recentered photographs were obtained. 

A64-12636 
THE SCATTERING PROPERTIES OF THE LUNAR SURFACE AT 
RADIO WAVE LENGTHS. 
J .  V .  Evans and G. H. Pettengill  (Massachuset ts  Institute of 
Technology, Lincoln Laboratory,  Cambridge, Mass .). 
IN: THE MOON, METEORITES, AND COMETS. Vol. IV - The 
Solar  Sys tern. 
Edited by Barba ra  M. Middlehurst and Gera rd  P. Kuiper. 
Chicago and London, University of Chicago P r e s s ,  1963, p. 129-161 
58 refs .  

Discussion of the character is t ics  of signals reflected from the 
Moon. in the light of the mos t  recent and reliable r e su l t s .  
a r e  the different  method. current ly  employed to obtain information 
f r o m  rada r  sys t ems  concernrng the g r o s s  surface roughness of the 
Moon. 
scattering f rom a rough surface a r e  presented,  and a r e  compared 
with actual experimental  resul ts .  Two kinds of surface roughness 
a r e  known to eximt on the Moon's surface f r o m  visual observations;  
these a r e  (1) a l a rge - sca l e  s t ructure  which has a scale  tens of kilo- 
me te r s  a c r o s s  and (2)  a small-scale  s t ruc tu re  well below the l imit  
of optical resolution which gives r i s e  to the uniform brightness of 
the lunar disk. 
intermediate s t ruc tu re  s i zes  ranging f r o m  one to seve ra l  hundred 
radio wavelengths. Fo r  a wavelength of about 1 me te r ,  it appears  
a s  though 5 percent  of the surface consis ts  of i r regular i t les  of  
comparable s ize .  The remainder  appears  to be a random dis t r ibu-  
tion of "smooth" surfaces  which extend horizontally perhaps for 10- 
1000 me te r s  and have an r m s  slope of So-8O. 
constant & of the surface mater ia ls  is not known with precision, but 
the best  es t imates  yield a value 
that this is close to the value fo r  t e r r e s t r i a l  sand. 

Examined 

Some relevant  theoretical  models developed to explain r ada r  

The r ada r  observations yield information about 

The dielectric 

€ = 2.7.  I t  is interesting to note 

A M - 1 2 6 4 0  
FOSSIL METEORITE CRATERS. 
C. 5. Beals,  M. J .  S.  Innes,  and J .  A. Rottenberg (Dominion 
Observatory,  Ottawa, Canada). 
IN:  THE MOON. METEORITES, AND COMETS. Vol. IV - The 
Solar  System. 
Edited by Barba ra  M. Middlehurmt and G e r a r d  P. Kuiper. 
Chicago and London. University of Chicago P r e s s ,  1963, p. 235-284. 
50 refs .  

meteori tes  on the Earth '  s surface.  on the basis  of rheological 
considerations and the theory of propagation of three-dimensional 
finite-amplitude waves.  
developed f rom the c r a t e r  theory,  is used to  der ive the types of 
remnants  o r  fossi l  s t ruc tu res  likely to  be left  af ter  hundreds of 
mill ions of yea r s .  
t ics of s eve ra l  representat ive c r a t e r s .  
mechanisms of formation of lunar c r a t e r s  a r e  reviewed. 

Development of an analytical  theory of c r a t e r  formation by 

The picture of a typical meteori te  c r a t e r ,  

Examined in detail  a r e  the physical cha rac t e r i s -  
Existing hypotheses on the 
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AM-12680 
MODIFICATION OF THE LUNAR SURFACE BY THE SOLAR-WIND 
BOMBARDMENT. 
G. K. Wehner, C. E. Kenknight, and D. Rosenberg (General 
Mills,  Inc. ,  Electronics Div.,  Minneapolis. Minn. ). 
Planetary and Space Science, vol. 11. Nov. 1963. p. 1257-1261. 
11 r e f s .  
Contract No. NASw-424. 

body like the Moon in orbi t  around the Sun. and investigation of the 
modifications of the target surfaces  bombarded by solar  wind. 
Long-duration, solar-wmd sputtering condltions were simulated at  
a much accelerated scale wlth mass-separated hydrogen ion beams 
o r  in low-pressure,  noble gas o r  hydrogen plasmas. Experiments  
with metal  t a rge t s  and metal- ,  oxide-. and rock-powder samples  
demonstrate  the leveling and smoothing of macroscoplc surface 
features ,  and cementing together of loose par t ic les  into a porous,  
br i t t le ,  f ibrous crust. Certain oxide su r faces  become enriched 
with metal  a toms  under the bombardment and sputtering action. 
is concluded that many of the unusual propert ies  of the lunar s u r -  
face can be explained by the action of solar-wind bombardment.  

Experimental  estimate of the sputtering r a t e s  for  an unprotected 

It 

A-12691 
EROSION AND DEPOSITION ON THE MOON. 
Gilbert  Fielder  (London, University,  Observatory,  London, 
England). 
Planetary and Space Science, vol. 11. Nov. 1963, p. 1335-1340. 
42 refa .  

deposition. A ra t e  of extrinsic erosion of 6 6. 
i s  deduced f rom direct  observations of the Moon's surface,  and 
space data a r e  used to set  l imits  to the erosion 

theory i s  discussed in the light of this result .  
on the Moon, intrinsic erosion is more important than extr insic  
erosion. 

Discussion and tabulation of factors  causing lunar erosion and 
c m  year- '  

roduced by mic ro -  
meteorites.  The upper l imit  i s  -IO-(' c m  yea r -  P , and Gold's dust  

It IS concluded that, 

A 6 4 4 2 7 6 4  
COSMIC RAY HAZARDS IN THE SOLAR SYSTEM. 
S. N. Milford (Grumman Aircraf t  Engineering Corp. ,  Research 
Dept. ,  Bethpage. N.Y.).  
American Institute of Aeronautics and Astronautics,  Aerospace 
Sciences Meeting, New York. N. Y., Jan.  20-22. 1964, P rep r in t  
64-66. 14 p. 60 refa. 
Members .  $0.50; nonmembers,  $1.00. 
Contract No. NASw-699. 

Consideration of direct  measurementa of camnic ray energy and 
charge apec t r a  near  the Ea r th ,  and in interplanetary space near  UIB 
Earth.  The theory of the effects of planetary magnetlc fielda and at- 
mosphere? in modifying these spec t r a  i. discuased. together with the 
interaction of cosmic r ays  with the Moon's surface.  Alao di8cuased 
is the intensity of interplanetary cosmic r ays  in the outer  'solar s y s -  
t em,  par t ly  using simple models of the interplanetary magnetic fielda 
t o  give the reaulting modulation of low energy inters te l lar  coamic 
ray. as a function of distance f rom the Sun. 
e a t h a t e d  fo r  the variou. region.. It i m  concluded that the known 
haza rd  prerented by coamic ray. ia appreciable only fo r  long-term 
apace missions,  such aa one- o r  two-year trip. to planet.. or poami- 
bly f o r  bases  on the Moor. or  Mar., when unshielded total doaea of 
-100 r e m  may  be accumulated. Poamible unknown h u a r d i  might 
a r i ae  f r o m  heavy nuclei in the inner aolar  aystem, in future  miaaions,  
f r o m  hish intenait ies of light or heavy nuclei  i n  the outer  aolar  aya- 
tem; however,  ihielding should not be too difficult fo r  theae caae.. 

The radiation dome. a r e  

A 6 4 4 2 7 7 1  
STUDIES O F  TOUCHDOWN STAEULKTY FOR LUNAR LANDING 
VEHICLES. 
w. c. Walton. Jr . .  R .  W. H e r r ,  and H. W. Leonard (NASA, 
Dynamic Loads Div., Vibration and Dynamic. Branch, Langley 
Research Center .  Hamoton. Va. \. . . ~, 
American Institute of Aeronautics and Aatronautice. Aerospace 
Sciences Meeting. New York, N. Y.,  Jan.  2 0 - 2 2 .  1964. P rep r in t  
64-94. 9 D. .~ ~~ - . r  

Members .  $ 0 . 5 0 ;  nonmembers, $1.00. 

Presentation of result. of a i tudy to eatablimh pract ical  procedure. 
f o r  predicting the tumbling motion. which may  reaul t  when a vehicle 
impacts  on a penetrable surface which is in general  not level,  auch 
as may occur during lunar landing. Varioua way. i n  which a four-  
legged vehicle could overturn a r e  l isted.  and th ree  s imple formulas  
a r e  given which permit  quick calculation of stabil i ty boundariea on 
the approach velocities f o r  any two-dimeneional mode of overturning. 
Boundariea computed by the use of the formulas  a r e  then compared 
with the resul ts  of experiments with s imple models .  Stability bound- 
a r i e s  computed a r e  a lso shown for two configurations r ep resen ta -  
tive of cu r ren t  thinking with regard to  lunar landing vehicles.  Some 
of the m o r e  cr i t ical  modes of overturning a r e  identified. and effects  
on these modes of lowering the center  of gravity of the vehicle a r e  
found. Briefly discussed a r e  three -dimensional tumbling motions.  
Experimental  resul ts  obtained with a simple model  a r e  presented,  
indicating that three -dimensional landings may  impose m o r e  seve re  
l imitations on approach velocit ies and angles than two-dimensional 
landings.  

A64-12902 
LUNAR BASES. 
Irwin Stambler.  
Space/Aeronautics.  vol. 40, Dec. 1963, p. 60-61. 

Discussion of "LESA. " the lunar exploration aystem for Apollo. 
preaently in  the init ial  study stage. The project  cal ls  for  the study 
of the general  concept of a lunar base made f rom prefabricated 
modules launched by Saturn 5s. It is noted that, if a circumlunar  
t ra jectory is used. the landing s i te  mus t  be in a band between the 
23rd paral le ls  of lunar latitude. The choice of a base s i te  may be 
fur ther  res t r ic ted by the choice of a landing s i te  for Apollo. and by 
the existence of a nearby source of water,  which is likely to be 
found in  a r e a s  of volcanic activity. Alphonsus ia  stated to be the 
mos t  promising base s i te  on the Moon, although not the only one. 
Several  potential s i tes  would enter  the picture  if landings could be 
made without following a circumlunar  trajectory.  Considered a r e  
methods fo r  the extraction of water f r o m  lunar mater ia ls .  digging 
on the Moon, doubling of a launch vehicle as a base module, the 
cost  of Moon "labor, 1 1  the doubtfulness of solar  power, and the 
slowness of lunar travel.  Design studies on lunar t e s t  faci l i t ies  
have been completed, and the simulation of lunar operations is 
being studied. 

~ 

AM-12918  
A REVIEW OF THE METEOROID ENVIRONMENT IN CIS-LUNAR 
SPACE AND ON THE LUNAR SURFACE. 
D. C. Bradford and R. D. Dycus (North American Aviation. Inc., 
Space and Information Systems Div., Downey. Calif. ). 
American Institute of Aeronautics and Astronautics.  Aerospace 
Sciences Meeting. New York. N. Y.,  Jan. 2 0 - 2 2 ,  1964, Preprint  
64-63. 8 p. 14 refs .  
Members ,  $0. 50, nonmembers ,  $1.00. 

Survey of the ent i re  spectrum of m a s s e s  and s i zes  of the 
meteoroid flux. The small  amount of available data indicates the 
probable presence of a t  least  a micrometeoroid cloud near  the 
Earth.  
flux in c is- lunar  space and on the lunar su r face  must  depend on 
theoretical  considerations.  
is that furnished by the gravitational lens.  It is shown that there  i s  
a repion of concentration at  l e s s  than - 7 Ear th  radii .  and that this  
concentration slowly dec reases ,  with increasing radial  distance,  
to an undisturbed space value of - 78% of the near-Earth value. It 
is fu r the r  shown that the lunar surface flux va r i e s  with the lunar 
phase,  reaching a maximum of 55% of the nea r -Ea r th  flux at  the 1st 
qua r t e r  and decreasing to 23% at  the 3rd quarter .  
of  lunar  secondary ejecta  have not been included. 
possible that a final solution for the magnitude of the nea r -Ea r th  
flux must  include the influences of the E a r t h ' s  magnetic and e l ec -  
t r i ca l  f ie lds  upon charged meteoroids.  and of the other a tmospheric  
drag. 

- 

It is noted that the solution for the puncture-s ize  meteoroid 

The only usable "bridge" at  this t ime 

Considerations 
It is considered 

A6&U135 
BEARING CAPACITY O F  SIMULATED LUNAR SURFACES IN 
VACUUM. 
E. C. Bernet t ,  L. D. Jaffe.  E. P. Frink.  H. E. Marten. (Califor- 
nia Inatitute of Technology. Material. Reaearch Section, Paradena. 
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Calif. ), and Ronald F. Scott (California Inmtitute of Technology, 
DeDt. of Civil  Engineering. Pasadena. Calif. ). 
AlAA Journal,  vol. 2. Jan. 1964. p. 93-98. 
Contract No. NAS 7-100. 

Determination of the static bearing capacity of a granular  
mater ia l ,  consisting of dry,  crushed olivine basalt .  in air and in 

a lO-b-mm-Hg vacuum by means of cylindrical  probes with a range 
of diameters .  Samples  with varioua par t ic le-s ize  dimtribution8 are 
used for these tes ts .  
granular  ma te r i a l s  was the factor that had the greatest  influence o n  
the bearing capacity. 
packed sample with a density of 1.25 g / c m 3  is about 0.1 kglcm'. 
The maximum bcarlng capacity of a densely packed sample with den-  
sity of 2.1 g/crn3 is about 7 kg/cm2. The effects of vacuum a r e  
found to be insignificant compared with the effect  of packing density. 
Direct  shear  t e s t s  indicate the cohesion in a few densely packed 
samples  to be 1-2  x lo4 dynelcm'. 
cohesion is est imated to contribute 85 to 95% of the observed bearing. 
capacity fo r  the densely packed samples  but much l e s s  fo r  the loose- 
ly packed samples.  

It is found that the packing density of theme 

The minimum bearing capacity of a loosely 

For  the sma l l  probes used. the 

A64-13230 
THE NATURE O F  THE LUNAR SURFACE LAYER [K VOPROSU 
0 PRIRODE WVERKHNOSTNOGO SLOLA LUNY]. 
B. lu. Levin (Akademiia Nauk, Institut Fizlki Zemli. Moscow, 
USSR). 
Astronomicheskii  Zhurnal,  vol. 40. Nov. -Dec. 1963. p. 1071-1075. 
In Russian. 

Brief  discussion of  the necessity f o r  distinguishing between 
concepts of the t rue  extremely nonhomogeneous s t ructure  of the 
lunar surface layer  and the simple models used for the interpreta-  
tion of radio astronomical  and radiometr ic  observations usually 
made with instruments  of small  resolving power. It is noted that 
the volume content of metall ic i ron in meteori tes  is small  and, 
therefore ,  radioastronomic data a r e  not in contradiction with the 
idea of the important role  of the exogenic factor in the formation 
of the su r face  layer  o f  the Moon. 

A64-13232 
THE ALBEDO VALUES FOR SEPARATE DETAILS OF THE LUNAR 
SURFACE (0 ZNACHENUAKH AL'BEDO DLlA OTDEL'NYKH 
DETALEI LUNNOI POVERKHNOSTI]. 
N. N. Sytinskaia. 
Astronomicheskii  Zhurnal,  vol. 40. Nov. -Dec. 1963, p. 1083. 1084. 
In Russian. 

It is shown that due to the specific characterist ic.  of light 
reflection f rom the lunar  surface,  which a r e  the same for both 
mar i a  and continents. the value. of the apparent albedo, measu red  
during the ful l  Moon for the aeparate  detail. of the lunar surface.  
can easily be t r ans fo rmed  into such reflectivity characterimtic. a8 
geometr ical  and spherical  albedo.. 

A64-13317 
THE REFLECTION AND EMISSION O F  ELECTROMAGNETIC 
RADIATION BY PLANETARY SURFACES AND CWUDS.  
D. G. Rea and W. J. Welch (California,  University. Space Science 
Laboratory and Dept. of E lec t r i ca l  Engineering, Berkeley, Calif. ). 
Space Science Reviews. vol. 2, Oct. 1963. p. 559-617.. 183 ref.. 
Grants  No. NsC 101-61; No. NSF G-16741. 

Review of recent  theoret ical  and experimental  atudiee of 
planetary su r faces  by reflection and emiaaion ob8ervation technique.. 
General  considerat ions a r e  presented of the theory of reflection f r o m  
plane. layered. and rough surfaces .  and f rom cloud.. Principle. 
underlying the radiometr ic  determination of planetary temperature.  
a r e  delineated. 
region is discussed.  and information obtained about the aurface f r o m  
rada r  reflections. infrared emission. and thermal  emia i ion  at  radio 
wavelengths is considered in some detail .  Visible. near  infrared,  
infrared.  passive microwave,  and r ada r  observation. of Venum are 
reviewed. as a r e  such  observation. of Mar.. Obeervation. of 
Jupiter.  Saturn,  and Mercury  a r e  briefly summarized. 

The behavior of the lunar murface in  the vimible 

THE MOON'S PHOTOMETRIC FUNCTION. 
Robert  L. Wildey (California Inmtitute of Technology. Div. of Geo- 
logical Sciences.  Paaadena,  Carnegie Inrtitution of Washington and 
California lnsti tute of Technology, Mount Wt18on and Pa lomar  Ob- 
se rva to r i e s .  Calif. ). 
Nature,  vol. ZOO. Dec. 14. 1963, p. 1056-1058. 

ne r  slope. of lunar  c r a t e r  r ima ,  of the double aaiumption that: (1) 
the general  photometric function of the lunar  surface appliea to the 
inner wall. of c r a t e r  rima. and (2) the functional f o r m  of the photo- 
met r i c  function which has  been fitted to previoum photographrc data  
is cor rec t .  

Presentat ion of a simple observational teat .  i n  the came of the in -  

AM-13744 
HISTORY OF LUNAR ATMOSPHERE AND THE PROBABILITY OF 
THE PRESENCE O F  ICE AND ORGANIC COMPOUNDS ON THE 
MOON [HISTO~UA KSIF&~YCOWEJ ATMOSFERY I PRAWDOPODO- 
B I E ~ ~ S T W O  WYST~POWANIA LODU I zw~+zfiow ORGANICZNYCH 
NA KSlqtYCU]. 
V. S.  Safronow and E .  L. Rouekol. 
Astronautyka, vol. 6, May 1963, p .  1-4. 13 ref.. In Polish.  

Discumsion of a posaible lunar  a tmosphere on the baaim of 
modern theories  of the formation of the Moon and of the hiatory of 
lunar the rma l  evolution.. An analysis  of the composition, age,  and 
the maximum fluctuations in a tmospheric  density leads to  revised 
conclusions on the presence of ice and organic compound8 on the 
Moon. 
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A P P L I C A B L E  T C  E V A L U A T I N G  REMOTE T 4 R L E T S  
NASA-TN-E-  1269 N 62- 126 5 2 

A E R O S P A C E  M E D I C I N E  
L E C T U R E S  I N  A E R O S P A C E  M E C I C I N E  

h( 6 2 -  1 4  197 

L U N A R  E N V I R C N M E N T  N 6 2 -  1 4 2  1 5  

A L B E D O  
E S T I M A T E  O F  N E U T R C N  A L B E D O  ON MOON S U R F A C E  DUE TO 
C G S M I C  R A Y  B O M B A R O C E N T  
N Y C - 1 0 2 6 5  N 6 3 -  1 6 4  5 9  

S P U T T E R I N G  E F F E C T S  ON L U N A R  S U R F A C E  - M E T A L L I C  
E N R I C H M E N T  & A L B E D O  
N A S A - C R - 5 2 5 3 4  N 6 4 -  1 C 6 2  5 

A P P A R E N T  A L B E D O E S  OF S E P A R A T E  D E T A I L S  O F  L U N A R  
S U R F A C E  T R A N S F O R M E D  T O  S U C H  C H A R A C T E R I S T I C S  O F  
R k F L E C T I V I T Y  A S  G E O M E T R I C A L  A N 0  S P H E R I C A L  ALBEDOES 

A 6 4 -  1 32 32 
A P O L L O  P R O J E C T  

L U N A R  L O G I S T I C  S C I E N T I F I C  F A C I L I T Y  FOR A P O L L O  
P R O J E C T  M I S S I O N S  N 6 4 - 1 3 1 3 6  

LESA,  LUNAR EXPLORATION S Y S T E M  FOR APOLLO, TO 
E M P L O Y  L U N A R  B A S E  MADE FROM P R E F A B R I C A T E D  MODULES 
L A U N C H E D  B Y  S A T U R X  V R O C K E T S  A 6 4 - 1 2 9 0 2  

A R C T I C  
B I B L I O G R A P H Y  O F  L U N A R  P R O P E R T I E S .  GEOLOGY, S U R F A C E  
V E H I C L E  & B A S E S  - P A R T  111, L U N A R  A N 0  A 9 C T I C  
E X P L O R A T I O N  A N @  H A R I T A T I O N  
S 8-6 1 - 6 7  N 6 3 -  14739 

4 S C E N T  T R A J E C T O R Y  
A S C E N T  FROM L U N A R  S U R F A C E  - S I N G L E  S T A G E  R O C K E T  I N  
R E T U R N  TO E A R T H  P H A S E  O F  S P A C E  M I S S I O N  
NASA-  T N- 0- 1644 N 6  3- 169 8 7 

A S T E R O I D  
P H O T O M E T R I C  S T U D Y  OF A S T E R O I D ,  L U N A R  MAP. 
S P E C T R O P H O T O M E T R Y  OF S T A R S  AND P L A N E T S ,  A N 0  
A S T R O N O M I C A L  P H O T O M E T R Y  N 6 3 -  1 5 C 7  7 

P H O T O G R A P H I C  S T U D Y  O F  VENUS.  MARS, J U P I T E R ,  
SATURN,  MOON, A S T E R O I D  1580. & O T H E R  C B J E C T S  
N A S A - C R - 5 2 8 5 0  N 6 4 - 1 1 2 9 4  

A S T R O D Y N A M l C S  
SUMMARY O F  R E P O R T S  ON L U N A R  E X P L O R A T I O N  
A S T R O O Y N A M I C S .  A V O  S P A C E  V E H I C L E  R E C O V E R Y  

N 6 3- 1 2 149 
A S T R O M E T R Y  

D I S C U S S I O N  O F  T H E  N E E O  F O R  O E V E L C P I N G  METHCOS 
C O M P U T I N C  T H E  C O O R D I N A T E S  O F  T H E  C E N T E R  O F  M A S S  
OF T H E  MCDN FRCM O B S E R V A T I C N A L  D A T A  

4 63- 1 30 6 9 

METHOC FOR F I N O I l Y G  T H E  C E N T E R  O F  T H E  H O C N  BY 
S U P E R I P P O S I N G  S U R F A C E  P R O F I L E S  FROM V A R I O U S  M A P S  
A N 0  T A K I N G  T H E  M E A N  V A L U E S  OF T H E S E  P R O F I L E S  AS 
T H E  D E S I R E C  P O S I T I O N  A 6 3 - 1 3 3 7 7  

METHOCS U S E 0  F O R  D R A W I N G  U P  C H A R T S  O F  T H E  L U N A R  
M A R G I N A L  ZGNE. B A S E 0  O N  700 P H O T O G R A P H S  T A K E N  C N  
503 N I G H T S  ~ 6 3 - 1  a37 e 

F O R  C H E C K I N G  T H E  A V A I L A B L E  C H A R T S  A N 0  MOOELS C F  
T H E  G E N E R A L  F I G U R E  O F  T H E  IJODN 

A 6 3 -  18 3 7 9  
A S T R O N A U T I C S  

B I B L I C G R A P H Y  O F  A S T R C N A U T I C S  I N F O R M A T I C N  - 
E N G I N E E R I N G  E C U I P M t N T  AND P R O C E S S E S  A C A P T A B L E  TO 
L U N A R  A N 0  P L A N L T A R Y  E X P L O R A T I O N  
N AS A-C R-5 0 966 

A S T R O N O M I C A L  MAP 

N 6 3 - 2  1 4 7 9  

O R I E N T A T I O N  C O O R D I N A T E S  I N  A S T R O N O M I C A L  M A P S  
~ 6 2 - 1 2 8 5 e  

TWO N O N C O N F L I C T I N L  C O N V E N T I O N S  O E F I N E D  F O R  L U N A R  
A N 0  P L A N E T A R Y  R E F E R E N C E  C C O R O I N A T E S  - A S T R C N O M I C A L  
V E R S U S  A S T R O N A U T I C A L  MAPS A N 0  C H A R T S  
J P L - T M - 3 3 - 7 2  N 6 3 - 1 5 9 1 5  

O E S C R I P T I O h  OF N. K O Z Y R E V S  D B S E R V A T I O h  O F  AN 
O U T B U R S T  O F  GAS FROM T H E  C R A T E R  ALPHONSUS.  A N 0  
PHOTOGRAPHY O F  R E V E R S E  S I D E  O F  T H F  MUUN 

4 6 3 - 1 4 3 8 C  

S T R A T C C R A P F I C  R E L A T I O N S  A N D  S U R F F C E  
C H A R A C T E R I S T I Z S  O F  T H E  D E P O S I T S  AROUWO T H E  L U N A R  
C R A T E R S ,  I N  ORDER TO O U T L I N E  T H E  F R A M i W O R K  O F  A 
L U N A R  T I M E  S C A L E  4 6 3 -  1 9 3 9  4 

U.S. A I R  F O R C E  PROGRAM F O R  P R O D U C I N G  M A P S ,  C H A R T S  
AND P H O T O G R A P H S  OF T H E  MOON AS A I D S  T O  L U N A R  
E X P L O R P T I O N  P R O J E C T S  4 6 3 - 2  3 4  2 C 

A S T R O N O M I C A L  MODEL 
R E V I E W  O F  THC I N F O R M A T I O N  AND H Y P O T H E S E S  ACVANCEC 
ON T H E  N A T U R E  O F  T H E  L U N A R  S U R F A C E  

A 6 3 - 1 8 1 3 3  

A S T R O N O M I C A L  PHOTOGRAPHY 
A S E E I N G  N C N I T O R  FOR A S T R O N O M I C A L  PI -OTOGRAPHY 
A F C R L - 6 2 - 8 1 e  N 62- 1 5 6 2 1 

P R E S E N T A T I O N  O F  P H O T O G R A P H S  OF D I F F E R E N T  L L N A R  

1-1 



F O R M A T I O h S  I N  ORDER T C  SHOW I " P R O V i P E 4 T S  I N  
P h C T C G R A P P I C  T E C H N I U U E S  

C U R R E N T  P P C T C G R A P H I C  I N S T R U M E N T A T I C N  C F  TI'€ P C C N  
I N  ORCER T O  SECURE A D E Q U A T E  D A T A  F O R  T H R E E -  
D I M E N S I O N A L  TOPOGRAPHY OF T H E  L U N A R  S U R F A C E  

4 6 3 -  1 8  39 7 

1\63-1839?? 

A S T R O N O M I C A L  PHOTOMETRY 
P h C T O M E T R I C  STUDY C F  A S T E R C I D t  L U N A R  MAP, 
S P E C T R C P H O T O H E T R Y  OF S T A R S  A N 0  P L A N E T S ,  A N 0  
A S T R O N C M I C A L  PHOTOMETRY N 6  3- 1507 7 

A S T R O N O M I C A L  SPECTRUM 
CF S P E C T R A L  I h J E S T I G A T I C N  OF TI-E L U N A R  SURFACE,  
E M P H A S I Z I N G  T H A T  OF T H E  C R A T E R  A L P H O N S U S  

A 6  3 - 1  e392 

M I C R C P H C T C P E T R I C  A h A L Y S I S  O F  T t E  S P E C T R U M  O F  T P E  
C E N T R A L  P E A K  OF T H E  C R A T E R  A L P H O N S U S  

A 6 3 -  1 8 3 9  3 

A S T R O N O M I C A L  T E L E S C O P E  
C O N S I D E R A T I C N  C F  T H E  A P P L I C A T I C N  O F  A N  
E X P E R I M E N T A L  T V  T E L E S C C P E  TO A S T R C N C P I C A L  S T U D I E S  

A 6 3 -  18399 

E X T R A C T I N 6  DATA FROM L U N A R  PHOTOGRAPHS B Y  
A S T R O N O M I C A L  T E L E S C O P E I  E M P H A S I Z I N G  A C C U R A C Y  I N  
ERROR CONTROL A N 0  S I G N I F I C A N C E  O F  I N T E R P R E T A T I O N  

A 6 4 -  12346 

A S T R O N O M I C A L  U N I T  
S O L A R  SYSTEF: C O N S T A N T S  S Y M P O S I U M  - A S T R O N O M I C A L  
U N I T  D E T F R M I N A T I C N S  
NASb-CR--50394 N 6 7 - 1 8 7 7 1  

ASTRONOMY 
S T A R S  CN TI-E W I R E  
J P R S -  1 3  160 

L U N A R  L I G H T  P O L A R I Z A T I O N  
A I C - 6 2 - 1 4 2  

L I M E  ZONE OF T H E  MOON - 
J PRS- 1532 4 

S O V I E T - B L C C  R E S E A R C H  I N  
S P A C E  S C I E h C E S  /NO. 3 6 /  
J P R S - 1 3 9 3 1  

S O V I E T  B L C C  R E S E A R C H  I N  
S P A C E  S C I E N C E S  /NO. 4 t /  
J PRS- 159 7 6 

S O V I E T  B L O C  R E S E A R C H  I N  
S P A C E  S C I E N C E S  /NO. 4 8 /  
J P  RS- 1 6 4 5  5 

S O V I E T - B L O C  R E S E A R C H  I N  
S P A C E  S C I E N C E S  /NO. 29/  
J P R S -  12445 

N 6 2 - 1 1 9 2 6  

N 6 2 -  1 6 8  8 5 

N E *  S O V I E T  S T U D Y  
N 6 2 -  1 7 7 5 C  

G E O P H Y S I C S .  ASTROPICMY, AND 
1 9 6 2  

N 6 2- 1 7 7 6  2 

G E O P H Y S I C S ,  A S T S C h C E Y t  AND 
1 9 6 2  

N 6 2 - 1 7 8 8 4  

G E O P H Y S I C S .  ASTRCNOYY,  A N D  
1962 

N t 3 - 1 0 5 2 6  

G E O P H Y S I C S t  ASTRONCMY,  A N 0  
1 9 6 2  

N t 3 -  1101 3 

F L I C K E R I N G  CF S T A R  I M A G E S  I N  T E L E S C O P E S  - 
B A R Y C E N T R I C  H I G H  R E L I E F  O F  L I M B  ZONE O F  MOON - 
S O L A R  D I F F R A C T I C N  S P E C T C G R A P P  
J P R S - 1 7 3 6 3  N 6 3 - 1 2 2 0 1  

E A R Y C E N T R I C  H I G H  R E L I E F  O F  L I M B  ZONE O F  
MOON K C 3 - 1 2 2 0 3  

E X T R A T E R R E S T R I b L  R E S E A R C P  - B I @ L I C G R A ? P Y  - 
A S T R C B I C L C G Y ,  ASTRONOMY, COSMCLOGY, L U Y A R  
T R A J E C TOR I E S , A N D  M E T  E 0 R I T I C C R A T  E R I N G 
A W F L - R T D - T O P - 6 3 - 3 0 2 5  ~ 6 3 - 1 8 7 7 e  

A S T R O P H Y S I C S  
P H Y S I C A L  P R O P E R T I t S  O F  T H E  MOON A Y C  P L A N E T S  
R P - 2 9 C C - J  P L 

L P E L R A T O R Y  I N V E S T I G A T I C N  O F  L U N A R  S C I L S  
I P S  P A P E R - 6 2 - 1 2 3  Y 6 2 -  1 3 3 4  1 

P H Y S I C S  C F  THE P L A N E T S  N 4 3 -  1 C 1 2  5 

R A 9 A R  S T U D I E S  G F  2 L A N E T A R Y  S U R F A C E S  

N 6 2 -  11 2 @  6 

N 6 3 - 1 0 2 2 7  

R A D A R  METHODS O F  S T U D Y I N G  P L A N E T A R Y  S U R F A C E S  
N 6 3 - 1 0 2 2 8  

P R E S E N T A T I O N  C F  A H Y P O T H E S I S  T C  E X P L A I N  T H E  
P R E O O M I N A N C E  O F  M A R I A  ON T H E  N E A R  S I C €  OF T H E  
L U N A R  S U R F A C E  663- 1 2 8 4 0  

U S E  OF T H E  F R E C U E N C Y  O F  M E T E O R C I C  I M P A C T  A N 0  T H E  
T R A N S P O R T  O F  I P P A C T  C F B R I S  T O  T H E  E A R T H  F O R  T H E  
I i q T E R P L A N E T A R Y  C O K R E L A T I C h  OF C E C L C G I C  T I M E  

A 6 3- 1762 6 

A T M O S P H E R E  

E S T I M A T E S  G F  D E N S I T Y  AND C C M P O S I T I O N  O F  L U k A R  
A T P C S P H E R E  N 6 2 -  10199 

T H E  P H Y S I C A L  P R C P E R T I E S  O F  T H E  MCON AND P L A N E T S  
R M - 3 0 2 2 - J P L  N 6 2 - 1 C 4 C 4  

H Y C R O G E N  N E A R  T H E  MOON 
CRSR- 114 N 62- 1 1 14 1 

D E N S I T Y  C F  T H E  L U N A R  A T P C S P H E R E  
N 6  2- 120 50 

L U h A R  & P L A k E T A R Y  E X P L C R A T I O N  
N 6 2- 1 2 79 7 

M O N I T C R I N G  C F  L U N A R  E A S E  A T P O S P H E R E S  RY G A S  
C H R C P A T C G R A P H Y  N 6  2- 1 4 2  1 4  

L U k A R  T E M P E R A T U R E  MEASUREMENT 
A I D - 6 2 - 1 4 4  N 6 2 - 1 7 0 1 4  

F E A S I B I L I T Y  C F  S I M U L A T I N G  R A D A R  A N A L Y S I S  OF T H E  
MOON 
AF C R L - 6 2 -  11 2 0  N 6 3 - 1 2 3 6 2  

L U N A R  A T M O S P H E R I C  MODELS - C C N T R I E U T I O N S  FROM 
L U N A R  S U R F A C E  AND S O L A R  W I N E  N t 4 - 1 3 7 0 4  

M A G N E T I C  D I S T U R B A N C E S  I N  L U N A R  S E L E N O M A C N E T I C  A N 0  
G E O M A G N E T I C  STORMS - P L A S P A  WAVE S T U D Y  
N A S A-CK- 5 5433 

C H E M I C A L  E V O L U T I O N  AND A N A L Y S I S  O F  L U N A R  
A T M C S P H E R E  AND S U R F A C E  A 6 3 - 1 0 8 1 1  

P O S S I B L E  L U N A R  A T M O S P H E R E  P O S T U L A T E D  ON B A S I S  O F  
MOON F O R M A T I O N  T H E O R I E S  A N 0  H I S T O R Y  O F  L U N A R  
T H E R M A L  E V O L U T I O N S  A 6 4 - 1 3 7 4 4  

N 6 4 - 1 4 8 4 1  

A T M O S P H E R I C  E N T R Y  
L U N A R  O R I G I N  O F  T E K T I T E S  - A T M O S P H E R I C  E N T R Y  
D Y N A M I C S  N 6 3 - 2 2 3 7 4  

A T M O S P H E R I C  P R E S S U R E  
T H E R P A L  P R O P E R T I E S  O F  S I M U L A T E C  L U N A R  M A T E Q I A L  
I N  A I R  AND I N  VACUUM 
J P L - T R - 3 2 - 3 6 8  N 6 3 - 1 3 7 6 7  

A T M O S P H E R I C  R E F R A C T I O N  
ERRORS I N  I N T E R P R E T I N G  L U N A R  S U R F A C E  T E M P E R A T U R E  
D A T A  O B T A I N E D  B Y  I N S T R U M E N T S  A B O V E  E A R T H  
A T M O S P H € R E  N 6 3 - 1 4 4 9 1  

A U X I L I A R Y  POWER SOURCE 
P A R A M E T R I C  A h A L Y S I S  O F  PGl rER S U P P L I E S  F C R  A N  
UNPAIyNED L U N A R  V E H I C L E  Oh A 100 EARTH-OAY M I S S I O N  
AND A MANNED ONE ON A 7 E A R T H - C A Y  M I S S I O N  
8 R S  P 4 P E R  6 2 - 2 5 2 5  4 6 3 - 1 1 7 2 4  

B 
B A C K S C A T T E R  

B A C K S C A T T E R I  L U N A R  S U R F A C E  P R C P E R T I E S ,  AND R E L A T E D  
R A D A R  ECHO S U B J E C T S  - B I @ L I O G R A P H Y  
N A S A - C R - 5 0 8 5 6  N 6 3 - 2 0 2 4 9  

D I S C U S S I O N  OF A L U N A R  S U R F A C E  Y A T E P I A L  S T R U C T U R E  
T O  E X P L A I N  B A C K S C A T T E R I N G  O F  L I G H T  

A 6 3 - 1 5  1 5  1 

1-2 



B A L L I S T I C S  
L U N A R  S U R F A C E  B A L L I S T I C S .  H A Z A R D S  C F  S P A C E C R A F T  
L A N D I N G  OR L A U N C H I N G .  P A R T I C L E S  - E X H A U S T  G A S E S  
N A S A - T N - 0 - 1 5 2 6  N 6  3- 1 3 5  1 5  

B A R Y C E N T E R  
B A R Y C E N T R I C  H I G H  R E L I E F  O F  L I M B  Z O N E  CIF 
MOON N 6 3 - 1 2 2 0 3  

B E A R I N G  
S T A T I C  B E A R I N G  C A P A C I T Y  O F  S I M U L A T E D  L U N A R  
S U R F A C E S  I N  VACUUM 
N A S A - C R - 5 1 3 1 8  N 6 3 - 2  17 33 

B E R Y L L I U M  9 
S O V I E T - B L O C  R E S E A R C H  I N  G E O P H Y S I C S t  ASTRONDMYI AND 

S P A C E  S C I E N C E S  /NO. 29/  1962 
J P R S - 1 2 4 4 5  N 6 3 -  11013 

B I B L I O G R A P H Y  
L U N A R  B I B L I C G R A P H Y  
S T L / A B - 6 1 - 5 1 1 0 - 4 0  N t 2 - 1 7 3 0 9  

B I e L l D G R A P H Y  O F  L U N A R  GEOLOGY 
S M - 4 2 5 8 2  N 6 3 - 1 2 7 2 8  

B I B L I O G R A P H Y  O F  S O V I E T  B L O C  L I T E R A T U R E  - L U N A R  
D I M E N S I O N S .  1957  TO 1963 
A I D - 8 - 6 3 - 1 0 0  N 6 3 - 1 9 3 5 4  

B A C K S C A T T E R ,  L U N A R  S U R F A C E  P R O P E R T I E S I  AND R E L A T E 0  
R A D A R  ECHO S U B J E C T S  - B I B L I O G R A P H Y  
N A S A - C R - 5 0 8 5 6  N 6 3 - 2 C 2 4 9  

B I B L I O G R A P H Y  O F  A S T R O N A U T I C S  I N F O R M A T I O N  - 
E N G I N E E R I N G  E Q U I P M E N T  A N D  P R O C E S S E S  A D A P T A B L E  T O  
L U N A R  AND P L A N E T A R Y  E X P L O R A T I O N  
N A S A - C R - 5 0 9 6 6  N 6 3 -  2 1 4  79 

B I O C H E M I S T R Y  
I M P O R T A N C E  O F  M A N N E D  L U N A R  E X P L O R A T I O N  FOR 
G E O L O G I C A L  t B I O C H E M I C A L  E X P E R I M E N T S  

N 6 3 - 1 9 4 8 8  

B I O G E N E S I S  
O R I G I N  O F  L I F E  ON E A R T H  R E L A T E D  TO E X T R A -  
T E R R E S T R I A L  L I F E  N 6 3 - 2 3 4 5 4  

B I O L O G Y  / G E N /  
L E C T U R E S  I N  A E R C S P A C E  M E O I C I N E  

N 6 2 -  14 197 
B O 1  L I N G  

P A G P A T I C  B O I L I N G  A h 0  U?dOERGRDUND S T R U C T U R E  O F  T H E  
P C C N  N t  2- 1 5 7 4 4  

BOMBARDMENT 
E X P E R I M E N T S  R E L A T I N G  T C  T b E  L U N A R  S U R F A C E  - 
P H C T C M E T R Y  - P R G T G L  BCMBARCMEUT C F  M I U E R A L S  
CRSR-  127 N 6 2 - 1 4 7 7 5  

E S T I M A T E  O F  N E U T R O N  A L B E D O  ON MCON S U R F A C E  DUE TO 
C O S M I C  R A Y  BOMBARDMENT 
N Y  C- 1 0 2 6 5  N 6 3 - 1 6 4 5 9  

B R I G H T N E S S  
T H E O R E T I C A L  P H O T O M E T R I C  P R O P E R T I E S  O F  L U N A R  
S U R F A C E  - F U N C T I O N S  F O R  D I F F E R E N T I A L  & I N T E G R A L  
B R I G H T N E S S  
C R  SR- 1 3 8  N 6 3 - 1 5 9 3 6  

C 
CAMERA 

L U N A R  P H O T O M E T R Y  AND TOPOGRAPHY A N A L Y S I S  - CAMERA 
N 6 3 - 1 6 2 5 4  

C A R B O N  D I O X I D E  
L I F E T I M E S  O F  I C E S  O F  COMMON V O L A T I L E S  / W A T E R *  
C A R B O N  O I O X I D E *  M E T H A N E /  I N  S O L A R  S Y S T E M  

N 6 3 - 1 6 7 0 2  

C A R T E S I A N  C O O R D I N A T E  
T R A N S F O R M A T I O N  B E T W E E N  C A R T E S I A N  A N 0  C O N I C  
C O O R D I N A T E S  N 6 3 - 1 2 0 3 2  

C A R T O G R A P H Y  
C R I E N T A T I D N  C C C R O I N A T E S  I N  A S T R O h D M I C A L  M A P S  

h f 2 - 1 2 8 9 8  

C A R T C G R A P H I C  S U P P G R T  O F  L b N A R  M I S S I C N S  
A R S  P A P E R - 2 4 7 4 - 6 2  NO 2- 14439 

C O h S C L l O A T E C  C A T A L C G  O F  S E L E N O G R A P H I C  P O S I T I O N S  
N t 2 - l t 6 9 9  

S C H E M A T I C  C H A R T  W H I C H  SHOWS T H E  C I S T R I B U T I O N  O F  
T H E  B R I G H T N E S S  O F  107 F E A T U R E S  ON T H E  M A R G I N A L  
V I S I B L F  S I D E  OF T H E  MOON, AND C N  I T S  F A R  S I D E ,  A S  
D E T E C T E D  B Y  P h C T O G R A P H S  T A K E N  B Y  L U N I K  111 

A 6 3 - 1 8 3 7 4  

M E T H O D  FOR FINDING THE CENTER CF THE MCON e y  

THF nEsTREn FOCITIPN 6 6 3 - 1 e 3 7 r  

S U P E R I M P C S l h G  S b R F A C E  P R C F I L E S  FRCW V A R I C U S  M A P S  
AVO T 4 K I N S  T P E  M E A N  V A L U E S  O F  T H E S E  P R C F I L E S  A S  

P E T H C D S  U S E C  F C R  D R A W I N G  U P  C H A R T S  O F  T H E  L U N A R  
M A R G I N A L  ZONE. B A S E D  ON 7 C C  P H C T O G R A P H S  T A K E N  C N  
5 0 3  N I G H T S  A 6 3 -  1 8 3 7 8  

P E T H C D  U S E @  I N  T H E  P R C O U C T I O N  C F  A L A R G E - S C A L E  
P H C T C G R A P H I C  MAP O F  T H E  MCON A 6 3 - 1 8 3 8 5  

L . S .  A I R  F C R C E  P R D C R A P  F C R  P R O C U C I Y G  MAPS, C H A R T S  
ANC PHOTOGRAPHS C F  T H E  MOON AS A I D S  TO L U N A R  
E X P L O R A T I O N  P R C J E C T S  A 6 3- 2 3420 

C E L E S T I A L  GEOOESY 
C E L E S T I A L  G E C D E S Y  
N A S A  T N  0 -1155 N 6 2 - 1 0 4 7 3  

C E L E S T I A L  S P H E R E  
T H E  I N T E R N A L  C C N S T I T U T I O N  O F  T t - E  MCON 

A 6 3 -  1 C  11 6 

C H E M I C A L  C O M P O S I T I O N  
C H E M I C A L  E V C L U T I C N  ANC A N A L Y S I S  O F  L U N A R  
A T P O S P H E R E  A N 0  S U R F A C E  A 6 3 -  108 11 

A N A L Y S I S  OF L U N A R  S U R F A C E  C O W P C S I T I O N  B Y  F A S l  
N E L T R C N  A C T I V A T I C N  4 N C  C T P E R  N U C L E A R  M E T H D C S  

A 6 3 - 1 1 7 6 3  
CHROMATCGRAPHY 

H O N I T C R I N G  C F  L U N P R  B A S E  A T M O S P H E R E S  B Y  G A S  
C H R C V A T C G R A P V Y  N 6 2 - 1 4 2 1 4  

C I N E F L U O R O G R A P H Y  
L U N A R  T G P C G R A P h Y  - C I N E P H C T O G R A P P Y  C F  L U N A R  
S U R F A C E  
GRO RES.  N O T E S - 6 7  NO 2- 1 6 6 5 8  

C I N E M A T O G R A P H Y  
L U h A R  TOPCGRAPHY - C I N E P H C T C G R A P t - Y  C F  L U N A R  
S U R F A C E  
GRD RES. N C T E S - 6 7  N 6 2 - 1 6 6 5 8  

H I G H - R E S O L U T I O N  C I N E P P O T O G R A P H S  O F  T H E  L U N A R  
S U R F A C E  F R O P  P I C - O U - M I C I  A 6 3- 1 7  6 6 C  

C U R R E N T  P H C T C G R A P H I C  I N S T R U M E N T A T I C N  O F  T H E  MOON 
I N  ORDER TO S E C U R E  ADEL;UATE C A T A  F O R  THREE-  
D I M E N S I O N A L  TOPCGRAPHY OF T H E  L U N A R  S U R F A C E  

~ 6 3 - i a 3 9 8  

C I R C U M L U N A R  T R A J E C T O R Y  
C I R C U M L U N A R  P H C T G G R A P H I C  E X P E R I M E N T  
N A S A - T N - 0 - 1 2 2 6  N 6 2 -  1 2  1 6 4  

C I S L U N A R  S P A C E  
S P E C T R U M  O F  M A S S E S  AND S I Z E S  OF M E T E O R O I D  F L U X  I N  
C I S L U N A R  S P A C E  A N D  ON L U N A R  S U R F A C E  
A I A A  P A P E R  64-63 A 6 4 - 1 2 9 1 8  

C O I L  
M U L T l C O I L  I N D U C T I O N  M E A S U R E M E N T S  OF L U N A R  S U R F A C E  
A N 0  S U B S U R F A C E  W A G Y E T I C  SUSCEPT!B!L!TY 
N A S A - C R - 5 0 5 7 8  ~ 6 3 - i e 4 2 2  

C O L O R I M E T R Y  
COLOR AND B R I G H T N E S S  O F  V A R I O U S  O B J E C T S  ON T H E  
MOON I N  OROER T C  D E T E R M I N E  T H E  C H A R A C T E R I S T I C S  C F  
T H E  L U N A R  S U R F A C E  6 6 3 - 1 8 4 0 5  

1-3 



C O M M U N I C A T I O N  SYSTEM 
SPACE C O M M U N I C A T I O N S  I N C L U C I N G  S P A C E  T R A C K I N G  AND 
R A D I O  COMMAND S Y S T E M S  AND C O M M U N I C A T I O N  S A T E L L I T E S  

A 6 4 -  101 6 3 

CONE 
C O M P U T A T I O N  OF S E L E N O G R A P H I C  C C C R O I N A T F S  O F  L U N A R  
P H O T O G R A P H S  U S I N G  C O Y I C  P R O J E C T I O N  

N 6 3 - 1 2 0 4 1  

C O N T I N U O U S  WAVE /CW/  R A D A R  
S O L U T I O N  OF I N T E G R A L  E C U A T I O N  F O R  L U N A R  S C A T T E R I N G  
F U N C T I O N  - M E A S U R I N G  L U N A R  S C A T T E Q I N G  P R O P E R T I E S  
W I T H  C O N T I N U O U S  WAVE R A D A R  N 6 3 - 1 8 0 5 1  

C O N V E C T I O N  
T H E R P A L  H I S T C R Y  C F  T H E  MCCN ANC T E R R E S T R I A L  
P L A N E T S  - C C N V E C T I C N  I N  P L A N E T A R Y  I N T E R I O R S  
J P L - T R - 3 2 - 2 7 6  N 6 2 -  16 3 6 9  

C O O R D I N A T E  SYSTEM 
C O M P U T A T I O N  OF S E L E N O G R A P H I C  C O O R D I N A T E S  O F  L U N A R  
P H C T O G R A P H S  U S I N G  C O N I C  P R C J E C T I O N  

N 6 3 - 1 2 0 4 1  

C O O R D I N A T E  T R A N S F O R M A T I O N  
T R A N S F G R M A T I C N  B E T W E E N  C A R T E S I A N  A N 0  C O N I C  
C O O R O I N A T E S  N 6 3 - 1 2 C 3 2  

C O R P U S C U L A R  R A D I A T I O N  
C O R P U S C U L A R  R A D I A T I O N  PRODUCED C R Y S T A L L I K E  DAMAGE 
A T  L U N A R  SURFACE N 6 3 - 2 3 4 0 2  

C O R R E L A T I O N  F U N C T I O N  
RADAR R E F L E C T I O N S  FRCM L U N A R  S U R F A C E  O E S C R I B E C  B Y  
A C O M P C S I T E  C O R R E L A T I O N  F U N C T I O N  

A 6 4 -  11 5 8 1 

C O S M I C  R A D I A T I O N  
E S T I M A T E  OF N E U T R O N  A L B E D O  ON MCON S U R F A C E  CUE TO 
C C S M I C  R A Y  BGNBARONENT 
N Y  0- 1 U 2  6 5  N b 3 - 1 6 4 5 9  

N U C L E A R  R A D I A T I O N  I N D U C E D  B Y  C O S M I C  R A Y S  ON T H E  
S O L I D  SURFACE O F  T H E  MOGN OR T H E  P L A N E T S  

~ 6 3 - 1 9 5 ~ 2  

T E L E S C C P I C  O B S E R V A T I O N  OF L U N A R  S U R F A C E  TO 
E S T I M A T E  THE N E U T R O N  A L B E D O  R E S U L T I N G  FRGM C O S M I C  
R A O I A T I C N  A 6 3 - 2 2 0 7 9  

C O S M I C  R A Y  H A Z A R D S  I N  S O L A R  S Y S T E M  C O N S I D E R E D  FROM 
MEASUREMENTS O F  C G S M I C  R A Y  ENERGY A N 0  CI'ARCE 
S P E C T R A  NEAR E A R T H  AND I N  I N T E R P L A N E T 4 R Y  S P A C E  
N E A R  E A R T H ,  TOGETHER W I T H  I N T E R A C T I O N  OF C C S M I C  

A I A A  P A P E R  6 4 - 6 6  A 6 4 -  1 2  76 4 
R A Y S  WITH rom S U R F A C E  

COSMOLOGY 
E X T R A T E R R E S T R I A L  R E S E A R C H  - B I B L I O G R A P H Y  - 
A S T R O B I O L O G Y .  ASTRGNOMY. COSMOLOGY, L U N A R  
T R A J E C T O R I E S ,  ANO M E T E O R I T I C  C R A T E R I N G  
A W F L - R T  0- TOR-6 3- 3 02  5 

D I S C U S S I O N  OF G E R S T E N K O R N S  THEORY T H A T  T H E  HCON 
U A S  O R I G I N A L L Y  A P L A N E T .  W H I C H  WAS C A P T U R E @  e Y  
T H E  E A R T H  A 6 3 - 1 2 8 3 8  

N 6  3- 18778 

C R A T E R  
ENERGY NECESSARY FCR C R E A T I O N  C F  L U N A R  C R A T E R S  A V D  
R I N G  V C V h T b I N S  
J P R S - 1 2 4 5 8  N 6 2 - 1 0 9 3 3  

T H E  C R G I N  AND N A T U R E  OF T H E  MCCN 
SM I T H S C N  I AF: I h S  1. P U B L - 4 4 3 7  N 6 2 - 1 4 4 2 7  

L U N A R  SURFACE F C R M b T I C N S  
A I C - 6 2 - 1 2 1  N 6 2 - 1 6 1 8 9  

E V C L U T I C N  OF L U N A R  S U R F A C E  F O R P A T I C N S  
A I D - 6 2 - 1 2 2  N 6 2 - 1 6 R 8 4  

S P E C T R O G R A P H I C  A N A L Y S I S  OF NOV. 3, 1 9 5 8  E R U P T I C N  
OF ALPHONSUS C R A T E R  
A I D - 6 2 - 1 5 0  N 6 2 - 1 6 8 8 9  

L U N A R  M A P P I N G  - C A T A L O G  OF S E L E N O G R A P H I C  
C O O R D I N A T E S  OF L U N A R  C R A T E R S  N 6 3 - 1 2 3 5 3  

L U N A R  T O P O G R A P H Y  - L U N A R  SHADOW, L U N A R  C R A T E R ,  
M I C R O O E N S I T G M E T E R  M E A S U R E M E N T  

N 6 3 -  1 4 8 5 5  

P H C T O G R A P H I C  M E A S U R E M E N T  O F  C R A T E R S  I N  L U N A R  
W A L L E D  P L A I N  P T O L E M A E U S  N 6 3 - 1 6  190 

M E A S U R E M E N T  OF S T E E P  L U N A R  C R A T E R  S L O P E S  
N A S A - C R - 5 0 C 9 6  N 6 3 - 1 8 2 9 1  

M A P S  G O A T A  FOR D I S C E R N I B L E  C R A T E R S  I N  F I R S T  L U N A R  
P U I I O R A N T  - L U N A R  S U R F A C E  S T U D Y  
N A S A - C R - 5 2 4 0 1  N 6 4 - 1 0 3 7 4  

I N F R A R E C  M A P P I N G  O F  L U N A R  C R I T E R S  D U R I N G  F U L L  MCON 
& D U R I N G  T O T A L  E C L I P S E  . . .  
0 1 - 8 2 - 0 1 7 6  N 6 4 -  1 2 0  18 

T E L E S C O P I C  A N 0  P H O T O G R A P H I C  D E S C R I P T I O N  O F  L U N A R  
M A R I A  A N 0  H I G h L A N O  C R A T E R S  
N A S A - C R - 5 5 1 7 2  N 6 4 -  13334 

P E R C E P T I O N  O F  S I Z E  A N 0  I N T E R S E C T I O N  F R E P U E N C Y  O F  
L U N A R  C R A T E R  I N  H I G H L A N D  R E G I O N  ~~ 

N A S A - C R - 5 5 2 7 4  N 6 4 - 1 3 9 2 8  

S E L E N O G R A P H I C  C O O R D I N A T E S  O F  L U N A R  C R A T E R S  
N A S A - C R - 5 5 2 9 5  N 6 4 - 1 4 2 7 6  

S E L E N O G R A P H I C  C C C R O I N A T E S  O F  C R A T E R S  V I E W E D  ON 
L U N A R  S U R F A C E  
N A S A-C R- 5 5 2 9 7 

C A T A L O G  C F  L U N A R  C R A T E R S  W I T H  S E L E N O G R A P H I C  
C O O R D I N A T E S  A N 0  C R A T E R  D I M E N S I O N S  
N A S A - C R - 5 5 2 9 6  N 6 4 -  1 4 2 8 2  

S E L E N O G R A P H I C  C O O R D I N A T E S  O F  C R A T E R S  O B S E R V E D  
ON S E L E C T E D  P O R T I O N  O F  MOON S U R F A C E  
N A S A - C R - 5 5 5 4 7  

S E L E N O G R A P H I C  C C O R O I l A T E S .  D I A M E T E R .  A N 0  S H A P E  OF 
C R A T E R S  O B S E R V E 0  ON S E L E C T E D  P O R T I O N  OF L U N A R  
S U R F A C E  
N A S A - C R - 5 5 5 3 6  N 6 4 - 1 5 9 0 0  

L U k A P  S U R F A C E  ROUGHNESS FROM C R A T E R  S T A T I S T I C S  

N 6 4 - 1 4 2 8 1  

N 6 4 -  15  538 

6 6 3 - 1 0 5 2 6  

ENHANCEMENT C F  R A D A R  R E F L E C T I V I T Y  A S S C C I A T E C  W I T P  
L U N A R  C R A T E R  T Y C H O  A 6  3- 1 0 5 29  

C I M E h S I C N A L  C O R R E L A T I O N  G F  L U N A R  M A R I A  A N 0  
T E R R E S T R I A L  C C E A h  B A S I h S  A 6 3 - 1 0 9 0 9  

O E T E R M I N A T I C N  C F  R E L A T I V E  AGES O F  L U h A R  C R A T E R S  
B Y  A L E E D C  A N 0  P O L A R I Z A T I O N  METHODS 

A 6 3 -  1 2 0 9 0  

M E A S U R E M E N T S  O F  T H E  D I A M E T E R S  C F  C R A T E R S  I N  T H E  
L U h A R  W A L L E C  P L A I N  P T C L E M A E U S  A N 0  I N  V I C I N A L  
E Q U A L - A R E A  T E R R A E  / H I G H L A N O  S U R F A C E S /  B Y  C U R R E N T L Y  
A V A I L A R L F  L U h A R  P H C T C G R A P P S  A 6 3 -  1 4 5 7 5  

T A e L E  O F  M A J C R  C R A T E R S  O F  T H E  FOCN. L I S T I N G  T H E  
NAMES, C C O R C I N A T E S .  C I A M E T E R S v  AND R E M A R K S  
C O N C E R N I N G  TIJE S U R F A C E  C H A R A C T E R I S T I C S  O F  E A C H  
C R A T E R  A 6  3- 1 8 3 8  1 

S U G L E S T I C N  T H A T  T H E  C I S T R I B U T I O N  O F  T H E  C R A T E R S  
C V E R  T H E  E A S T E R N  AND W E S T E R N  H A L V E S  O F  TI.€ MOON 
D O E S  N O T  S U P P C R T  T H E  M E T E O R I T I C  I - Y P O T H E S I S  O F  
T H E I R  O R I G I N  A 63-1 8 3 9 1  

M I C R C P H C T O M E T R I C  A N A L Y S I S  O F  TI -€  S P E C T R U M  O F  T P E  
C E h T R A L  P E A K  O F  T H E  C R A T E R  A L P H O N S U S  

A 6 3 - 1 8 3 9 3  

T H E O R Y  C O N C E R N I N G  T H E  F O R M A T I O N  O F  L U N A R  C R A T E R S  
AND B R I G H T  R A Y S  AS A R E S U L T  O F  M E T E O R I T E  I M P A C T S  

A 6 3 - 1 8 4 0 8  

L U N A R  C R A T E R  F C R M A T I C N  B A S E 0  ON E X P E R I M E N T S  
I N V O L V I N G  M E T E C R I T I C  I M P A C T  S I V U L A T I C N  

A 6 3 - 1 8 4 0 9  

1-4 



S P E C T R C G R A P H I C  A N A L Y S I S  O F  E M I S S I O N S  F R O P  T H E  
A R I S T A R C H U S  C R A T E R  ON T h E  MCON AYO C O M P A R I S O N  C F  
I T S  S P E C T R A  k I T H  P Y D R C G E N  A 6 3 - 2 0 0 3 9  

I S O T H E R M S  FOR V A R I O U S  L U N A R  C R A T E R  R E G I O N S ,  UNCER 
I L L U M I N A T I O N  A N D  E C L I P S E  C O Y O I T I O N S .  A P E  O B T A I N E D  
B Y  A T H E R M I S T C R  BOLOMETERI  E X A M I N I N G  A N O P A L C U S  
C O O L I N G  PHEhCME-KA A 6 3 - 2 3 6 4 0  

C O N T R I B U T I O N  O F  C R A T E R S  TO S U R F A C E  ROUGHNESS O F  
T H E  MOON A 6 4 - 1 1 4 6 3  

M E T E O R I T I C  C R A T E R  F O R M A T I O N  ON E A R T H  S U R F A C E  
E X P L A I N E D  B Y  A N  A N A L Y T I C A L  T H E O R Y  AND A P P L I E D  T O  
F O S S I L  S T R U C T U R E S  AND L U N A R  C R A T E R S  

4 6 4 - 1 2 6 4 0  

L U N A R  C R A T E R  S L O P E S .  U S I N G  MGON P H C T C M E T R I C  
F U h C T  I ON A 6 4 - 1 3 4 3 8  

C O R P U S C U L A R  R A D I A T I C N  PRODUCEC C R Y S T A L L I V E  C A P A C E  
A T  L U N A S  S U R F A C E  N 6 3 - 2 3 4 0 2  

C R Y S T A L  S T R U C T U R E  

D 
D E E P  S P A C E  I N S T R U M E N T A T I O N  F A C I L I T Y ' / D S I F /  

S P A C E  PROGRAMS SUMMARY NO. 3 7 - 1 5  - V O L .  6 7  

MAR-JUNE 1 9 6 2  - S P A C E  E X P L C R A T I C N  PROGRAPS 
t SPACE S C I E N C E S  
J P L - S P S - 3 7 - 1 5 ,  VOL. V I  N 6 2 -  139 14 

S P A C E  PROGPAMS SUPMARY NO. 37-17 - V O L  6 ,  J U L Y  T C  
OCT 1962 - S P A C E  E X P L O R A T I O N  PROGRAVS & S P A C E  
SC I E N C E  S 
J P L - S P S - 3 7 - 1 7 .  VOL. V I  N 6  3- 10 3 3 4  

D E N S I T O M E T E R  
SOURCES CF ERRCR I N  T H E  MEASUREMENT OF A L U N A R  
SHADOW BY P H O T O G R A P H S  A N 0  A M I C R O D E N S I T O M E T E R  

A b 3 - 1 2 1 6 6  

D E N S I T Y  
E S T I M A T E S  C F  D E N S I T Y  A N 0  C C P P C S I T I O N  OF L U N A R  
ATMOSPHERE N 6 2 - 1 0 1 9 9  

D E N S I T Y  OF THE L U N A R  A T M O S P H E R E  
N 6 2 - 1 2 0 5 0  

D I E L E C T R I C  C O N S T A N T  
C O M P A R I S O N  O F  R A D A R  B A C K  S C A T T E R I N G  M E A S U R E M E N T S  
FROM M O O N - L I K E  S U R F A C E S  TO L U N A R  S C A T T E R I N G  D A T A  
S U R F A C E  ROUGHNESS - D I E L E C T R I C  C O N S T A N T  E S T I M P T E S  
N A S A - C R - 5 0 3 0 4  N 6 3 - 1 8 3 9 5  

D I F F R A C T I O N  
STCOY O F  T H E  N E A R  I N F R A R E O  S P E C T R U M  C F  VFNUS,  
U S I N G  A S P E C T R O M E T E R  W I T H  D I F F R A C T I O N  L R A T I N G  

6 6 3 - 1 6 9 0 2  

D O P P L E R  E F F E C T  
C H A R A C T E R I S T I C S  OF T H E  L U N A R  S U R F A C E  R € V E P L E O  B Y  
A N A L Y S I S  O F  R A D A R  R E F L E C T I O N S  OF 4 2 5  M C / S  

A 6 3 - 1 3 5 2 3  

O U S T  

E L E C T R C S T A T I C  E R C S I O N  C F  T H E  YCON 
N 6 2 - 1 C ? 3 2  

A C T I O N  O F  H Y P E R S O N I C  J E T  C N  D U S T  L A Y E R  - R E L A T E C  
TO L U N A R  S U Q F A C E  E R O S I G h  B Y  R O C K E T  E X H A U S T  
I A S - P A P E R - 6 3 - 5 0  N 6 3 - 1 2 8 9 4  

F R A G M E N T S  E J E C T E O  FROM L U N A R  S U R F A C E  BY M E T E O R O I D  
I M P A C T  A N A L Y Z E D  ON B A S I S  O F  S T U D I E S  O F  
H Y P E R V E L O C I T Y  I M P A C T  I N  RGCK A N 0  SANO 
N A S A - T N - 0 -  1767 N 6 3 - 1 4 5 f l 7  

S L O P E  A N G L E S  OF L O O S E  M A T E R I A L S  AYO H Y P O T H E S I S  OF 
OUST-COVERED L U N A R  S U R F A C E  N 6 4 - 1 2 7 9 9  

I N V E S T I G A T I C N  C F  T H E  S T A T I C  A h C  D Y N A M I C  
P E N E T R A T I O h  R E S I S T A N C E  O F  S I P U L A T E G  L U N A R  D b S l  
I N  A H A R C  V A C U V P  E N V I R O N M E N T  A 6 3 - 1 3 3 4 3  

A N G L E  C F  R E P C S E  O F  S G P k  L O C S E  M A T E R I A L S  A N 0  I T S  
B E A R I Y C  O Y  T H E  t Y P O T P E S I S  C F  A G U S T  L A Y E R  ON T H E  
L U N A R  S U R F A C E  

C O h S I D E R A T I C N  C F  P O S S I B L E  P E C H A N I S M S  C O N C E R N I N C  
T H E  T R A N S P C R T A T I C Y  O F  OUST OVER THE L U N A R  S U R F A C E  

P 6 3 - 1 8 4 C 7  

A C 3 - 1 8 4 1 G  
D Y N A M I C S  

D Y h A M I C  P E N E T R A T I O Y  S T U C I E S  I N  C R U S H E D  ROCK U N D E R  
A T P C S P H E R I C  A N D  V A C U U P  C O N O I T I C N S  
J P L - T R - 3 2 - 2 4 2  N 6 2 - 1 4 0 8 5  

E 
E A R T H  

I M P A C T S  ON T H E  E A R T H  AND MCON - M E T E O R I T E S I  COMETS 
&NO A S T E R C I O S  N 6 3 - 1 2 0 7 1  

D U S T  N A T U R E  O F  L U N A R  S U R F A C E ,  A N D  D E T E R M I N A T I O N  C F  

ANCMAL I E S  
J P R S - 2 0 1 6 7  

&!CURE O F  REGULf iR!ZED CE(?!!D T!-!RZU<F GSA'.'ITY 

Y 6 4 -  1 2 79 8 

E A R T H  A X I S  
P R E S E Y T A T I C Y  O F  T H E  T H E S I S  T H A T  G I A Y T  M E T E O R I T E  
I M P A C T S  A R E  C A P A P L E  O F  O I S T U R B I h G  T H E  E A R T b S  
P O L A R  A X I S  A 6 3 - 1 2 C 2 8  

E A R T H  C R U S T  
I Y V E S T I G A T I C N  O F  T H E  P H Y S I C A L  P R O P E R T I E S  OF T H E  
L U N A R  S U R F A C E  L A Y E R  AS S I M U L A T E C  B Y  T E R R t S T R I A L  
A h 0  E X T ? A T E X R E S T R I A L  M A T E R I A L S  

~ 6 3 - 1 8 4 2 4  
E A R T H  MOON S Y S T E M  

ROOK T R E A T S  T H E  E V O L U T I C N  C F  T H E  MPONI i I N A L Y Z E S  
T H E  M E A N I N G  OF I T S  S U R F A C k  M A R K I N C S  4 N 0  L I V K S  
THEM W I T H  THOSE O F  T H E  E A R T H  A 6 3 - 1 3 2 4 7  

E A R T H  O R B I T  
D E N S I T Y  A N 0  M A S S  O I S T R I B U T I D N  O F  M E T E O R I T E S  N E A R  
T H E  E A R T H S  O R B I T  N 6 2 - 1 C 6 C 4  

E L A S T I C I T Y  
W H E E L S  F C R  L U N A R  L C C O M C T I O h  
I A S  P A P E R - 6 2 - 1 3 5  N 6 2 - 1 3 3 4 4  

E L E C T R O L Y S I S  
E L E C T R O L Y S I S  AND L I C U E F A C T I O N  OF WATER O F  MOON 

V 6 3 - 1 4 9 8 7  

E L E C T R O M A G N E T I C  R A D I A T I O N  
D I S C U S S I O N  C F  T b i  L I P I T A T I O N S  I N  O E T E R M I h I N G  D A T A  
O h  T H E  L U N A R  S U Q F A C E  F 2 O M  S T U D I F S  OF T H E  
R E F L E C T I V I T Y  A N C  P O L A R I Z A T I C N  O F  T H E  MOONS 
E L E C T R O V A G N E T I C  E M I S S I C N S  A 6 3 - 1 4 5 7 6  

E L E C T R O M A G N E T I C  S C A T T E R I N G  
R E L A T I C N  B E T W E E N  E L E C T R O M A G N E T I C  S C A T T E R I N C  
P R O P E R T I E S  O F  L U N A R  S U R F A C E  E S U R F A C E  S T R U C T U R E S  
N A S'A-C R-5 5 5 4  5 

C C M P A R I S O N  OF T H E O R I E S  OF R A O I O  S C A T T E R I N G  F P C M  
T H E  MOCN, C I V l N G  T H E  E L E C T R O M A G h E T I C  AND T r l C  
T H E R M O D Y N A M I C  C C N S T A N T S  OF T H E  L U N A R  S U R F A C E  

N 6 4 -  1 5  1 E 6  

A 6 3 - 2 1 2 t 2  
E L E C T R O M A G N E T I C  WAVE 

A N A L Y S I S  O F  R A O I O  E M I S S I O N  FRCM S U R F A C E  C F  MOON 
N 6 2 - 1 0 3 7 4  

E L E C T R O N I C S  
R A O I O  E L E C T R L N I C S  I N  S G V l E T  S P A C E  E X P L O K A T I C N  
J P R S - 1 5 4 3 0  N 6 2 - 1 6 1 1 9  

E L E C T R O S T A T I C  E R O S I O N  
E L E C T R O S T A T I C  E R O S I O N  O F  T H E  MCCN 

N t 2 - 1 @ 3 ? 2  

E L E M E N T  A B U N D A N C E  
P O S S I B L E  E L E M E N T A L  A B U N D A N C E S  C F  L U N A R  C R U S T  - 
I M P A C T  AND V O L C A N I C  C R I G I N  N 6  3- 10 7 0 2  

E M I S S I O N  
A N A L Y S I S  C F  R A D I O  E l 4 I S S I O N  FRCM S U R F A C E  C F  M T C N  

ERRORS I N  I N T E R P R E T I N G  L U N A R  S U R F A C E  T E M P E R A T U R E  
D A T A  O B T A I N E D  B Y  I N S T R U V E N T S  A B O V E  E A R T H  
ATMOSPHERE 

N t . 2 - 1 0 3 7 4  

N 6 3 - 1 4 4 9  1 
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E M I S S I O N  SPECTRUM 
F E A S I B I L I T Y  OF R E H C T E  C C M P O S I T I O N A L  M A P P I N G  O F  
L U N A R  SURFACF B Y  C E A S U 2 E K E N T  C F  S P E C T R A L  
E M I S S I V I T Y  CURVES 
N A S A-C R- 5 0  5 4 4  N 6 3 -  184  1 5  

E N E R G Y  
E N E R G Y  N E C E S S A R Y  FOR C R E A T I O N  O F  L U N A R  C R A T E R S  AND 
R I h G  M C U N T A I N S  
J P R S - 1 2 4 5 8  N 6 2 - 1 0 9 3 3  

E N E R G Y  L E V E L  
S I M U L A T I O N  OF L U N A R  L U Y I h E S C E N C E  - L L T R A V I O L E T  A N 0  
P R C T O N  E X C I T A T I O N  O F  T E K T I T E  & M E T E C R I C  M A T E R I A L  
A F C R L - 6 2 -  1099 N63-11017 

E N G I N E E R I N G  /GEN/ 
B I B L I O G Q A P H Y  O F  A S T R O N A U T I C S  I N F O R M A T I O Y  - 
E N G I Y E E R I N G  E Q U I P Y E Y T  AND P R O C E S S E S  A C A P T A R L E  T O  
L U N A R  dlv0 P L A N E T A R Y  E X P L O R A T I G N  
N A S A - C R - 5 0 9 6 6  N 6 3 - 2 1 4 7 9  

L U N A R  E N V I R C N i Y E N T A L  C C N D I T I O N S  ANC T H E I R  I N F L U F N C E  
U P O N  E N S I N E E R 1 , N L  D E S I G N  O F  L U V A R  V E H I C L E S  
AEOC-TOR-6 3 - 1 6 9  h 6 4 - 1 2 6 7 e  

E N V I R O N M E N T  
S P A C E  A N 0  P L A N E T A R Y  E N J I R O N M E N T S  
A F  S U R V E Y S  I N  G E O P H Y S I C S - 3 9  N 6 2 - 1 1 4 6 0  

L A e C R A T C P Y  I h V E S T I G A T I C N  CF L U N A R  S O I L S  
I P S  P A P E R - 6 2 - 1 2 3  N 6 2 - 1 3 3 4 1  

L U N A R  E N V I R C N M E N T  N 6 2 -  14215 

P E N E T R A T I O N  S T U D I E S  OF S I M U L A T E C  L U N A R  OUST 
N 6 3 - 1 0 3 7 2  

R A D I A N T  H E A T  T R A N S F E R  TO S I M U L A T E 0  S P A C E  C A P S U L E  
I N  L U N A R  E N V I R O N M E N T  S I Y U L A T I C N  CHAMBER 
ORA-63-  2 N 6 3 - 1 3 4 1 8  

L U N A R  SURFACE B A L L I S T I C S ,  H A Z A R D S  OF S P A C E C R A F T  
L A N O I N G  OR L A U N C H I N G ,  P A R T I C L E S  - E X H A U S T  G A S E S  
N A S A - T N - 0 - 1 5 2 6  N 6 3 - 1 3 5 1 5  

L U N A R  SURFACE C H A R A C T E R I S T I C S  - A T M O S P H E R E v  
S U R F A C E  M A T E R I A L ,  F E A T U R E S ,  ROUGHNESS,  T E M P E R A T U R E  
A N 0  L A N D I N G  S I T E  
N AS A-CR- 50 8 50 

O E T E R M I N A T I C N  O F  S O I L  P R O P E R T I E S  U N D E R  L U N A R  
E N V I R O N M E N T A L  C C N D I T I O N S  
N A S A - C R - 5 0 9 3 0  N 6 3 - 2 1 0 4 4  

N 6 3 - 2 0 2 4 6  

M A N N E D  LUNAR F L I G H T  - L U N A R  S P A C E C R A F T ,  
P H Y S I O L O G I C A L  A S P E C T S ,  L U N A R  E N V I R O N M E N T  

N 6 3 - 2 2 8 4 1  

L U N A R  E N V I R C N M E N T A L  C O N D I T I O N S  A N 0  T H E I R  I N F L U E N C E  
U P O N  E N G I N E E R I N G  C E S I G N  OF L U N A R  V E H I C L E S  
A E O C - T O R - 6 3 - 1 6 9  N b 4 - 1 2 6 7 8  

I M P L I C A T I O N S  O F  WATER AS L U N A R  RESOURCE 
~ 6 4 -  13708 

L O C A T I N G  L U h A R  WATER D E P O S I T S  
N 6 4 - 1 3 7 0 9  

E X A M I N A T I O N  OF THE THERMAL-CONTROL A S P E C T S  O F  
ABCVE-SURFACE STORAGE O F  P R O P E L L A N T S  ON A L U N A R  
E a U A T O R I A L  S I T E  
ARS P A P E R  6 2 - 2 6 9 0  A 6 3 - 1 2 2 2 8  

F A C T O R S  TO BE C C N S I D E R E O  I N  P L A h N I N G  P E R M A N E N T  
M A N h E O  B A S k S  Clu T H E  MOON, W I T H  P A R T I C U L A R  L Y P P A S I S  
ON S H E L T E R  C E S I G N  A N D  C O N S T R U C T I O N  

A 6 3 - 1 7 9 C 3  

C O N T R O L L E O  T t M P E R A T U R E - P R E S S U R E  E X P E R I M E N T S  W I T H  
I G l u E O U S  M E T E O R I T E S  P R O V I D E S  L I M I T E D  D A T A  ON L U N A R  
S C I L  
A S T N  P A P E R  175 A 6 3 - 2 0 6 7 6  

E A R T H  N A V I G i T I U N A L  CETHCOS E V A L U A T E C  I N  T E R M S  O F  
S O L A R  R A O I A T I C N ,  METECRS,  WEATPER. r U S T  AND 
TOPOGRAPHY F O U N D  C N  T H E  MOCN A 6 3 - 2 3 4 7 5  

P E N E T R A T I C N  O F  S P A C E C R A F T  P Y  SECONOARY M E T E C l R O I P S  
G E N E R A T E D  A T  T H E  L U N A R  S U R F A C E  I S  SHOWNI B Y  
K I Y E T I C  E h E R G Y  ARGUYENT.  h C T  T G  B E  b P P R E C I A B L Y  
L A R G E R  T H A N  I N  D E E P  S P A C E  A 6 3 - 2 3 1 9 1  

E N V I R O N M E N T  S I M U L A T I O N  
L A B O R A T O R Y  I N V E S T I G A T I O N  O F  L U N A R  S O I L S  
I A S  P A P E R - 6 2 - 1 2 3  N 6 2 - 1 3 3 4 1  

R A D I A N T  H E A T  T R A N S F E R  TO S I M U L A T E D  S P A C E  C A P S U L E  
I N  L U Y A R  E N V I R O N M E N T  S I M U L A T I O N  CHAMBER 
OR A - 6 3 - 2  

S I M U L A T I G N  T E S T S  OF T H E  E F F E C T S  O F  L U N A R  G R A V I T Y  
ON T H E  M O B I L I T Y  O F  A V E H I C L E  4CROSS T H E  
C O H E S I O N L E S S  SURFACEI  V A R Y I N G  S O I L  P A R A M E T E R S  

N 6 3 - 1 3 4 1 8  

A 6 3 - 2 2 7 4 2  

E C U I L I B R I U M  
T H E R M A L  H I S T C R Y  O F  T H E  YOCN A N D  T E R R E S T R I A L  
P L A N E T S  - C O N V E C T I O N  I N  P L A N E T A R Y  I N T E R I G R S  
J P  L-TR-32-  2 76 N 6 2 - 1 6 3 6 9  

E R O S I O N  
E L E C T R O S T A T I C  E R O S I O N  O F  T H E  MOON 

N 6 2 - 1 0 3 3 2  

F A C T O R S  C A U S I N G  L U N A R  E R O S I O N  A N 0  O E P O S I T I C N .  
C C N S I O E R I N G  R A T E  O F  E X T R I N S I C  E R O S I O N *  E R O S I O N  D U E  
T O  M I C R O M E T E O R I T E S  A N D  G O L D S  O U S T  T H E O R Y  

A 64- 1 269 1 

ERROR 
ERRORS I N  I N T E R P R E T I N G  L U N A R  S U R F A C E  T E H P E R P T U R E  
D A T A  C R T A I N F D  B Y  I N S T R U M E N T S  AEOVE F A R T H  
ATMOSPHERE N 6 3 - 1 4 4 9 1  

SOURCES O F  ERRCR I N  T H E  M E A S U R E M E N T  G F  A L U N A R  
SHADOW B Y  P H O T O G R A P H S  A N 0  A M I C R O D E N S I T O M E T E R  

A b 3 -  1 2  1 6 6  

E V O L U T I O N  
E V O L U T I O l r  OF L U N A R  S U R F A C E  F O R M A T I O N S  
A 10-62- 122 N 6 2 - 1 6 B e 4  

AGE O F  T H E  MOON, C H E M I C A L  C O M P O S I T I O N t  G E O L O G I C A L  
A S P E C T S ,  S T R E S S  A N 0  C G O L I N G  H I S T O R Y  

N 6 3 - 2 1 6 1 8  

ARGUMENTS C C N C E R N I N G  T H E  S T R U C T U R E  C F  M E T E O R I T E S ,  
T H E  V A R Y I N G  C E N S I T I E S  O F  T N E  P L A N E T S ,  T H E  O R I G I N  
O F  T P E  M O C h  A N 0  R A D I O A C T I V E  H E A T I N G  OF T H E  
M E T E O R I T E S  A 6 3 -  1 8  387 

E X C I T A T I O N  
S I M U L A T I O N  O F  L U Y A R  L U M I N E S C E N C E  - U L T R A V I O L E T  A Y C  
P q O T O N  E X C I T A T I O N  OF T E K T I T E  & H E T E C R I C  M A T E R I A L  
A F C R L - 6 2 - 1 0 9 9  N 6 3 - 1 1 0 1 7  

E X H A U S T  G A S  
L U N A R  S U R F A C E  P A L L I S T I C S .  H A Z A R D S  O F  S P A C E C R A F T  
L A N D I N G  3 R  L A U N C H I N G .  P A R T I C L E S  - E X H L U S T  G A S E S  
NASA-TY-C-  1526 N63-13515 

E X H A U S T  J E T  
C A L C U L A T I N G  T H E  FLOW F I E L D  O F  AN E X H A U S T  P L U M E  
I M P I N G I N G  ON A S I M U L A T E D  L U N A R  S U R F A C E  

163-17987 

E S T I M A T I N G  T H E  V E L O C I T Y  A N 0  S I Z E  O F  P A R T I C L E S  
E L C H N  AWAY B Y  R O C K E T  E X H A U S T  I M P I N G I N G  ON T H E  
S U R F A C E  G F  T H E  MOCN 
A I A A  P A P E R  63-199 663-18425 

E X T R A T E R R E S T R I A L  E N V I R O N M E N T  
D I S C U S S I O N  O F  T H E  P R O B L E M S  OF S E C U R I N G  RAW 
M A T E R I A L S  ON T H E  MCCNI I N C L U O I K G  D I S C U S S I O N  ON 
P R O D U C I N G  WATER AND O X Y G E N  
ARS P A P E R  6 2 - 2 6 8 9  A 6 3 - 1 2  557 

E X T R A T E R R E S T R I A L  L I F E  
O R I G I N  OF L I F E  O N  E A R T H  R E L A T E 0  TO E X T R A -  
T E R R E S T R I A L  L I F E  N 6 3 - 2 3 4 5 4  

E X T R A T E R R E S T R I A L  M A T T E R  
E X T R A T E R R E S T R I A L  R E S E A R C H  - G I C L I C G R A P H Y  - 
A S T R O B I O L O S Y I  ASTRONOMYI COSMOLOSYI L U N A R  
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UNOER A T M C S P H E R I C  A N 0  VACUUM C O N D I T I O N S  
/ S E E  A C C E S S I O N  NO. A - 6 3  12763. I S S U E  NO. 7 /  

A 6 3 - 1 5 8 8 5  

O I S C U S S I C N  O F  T H E  P R O B L E M S  OF S E C U R I N G  R A h  
M A T E R I A L S  CN T H E  MOON, I N C L U D I N G  A C I S C U S S I O N  ON 
P R G O U C I N G  WATER A N 0  O X Y G E N  
/ S E E  A C C E S S I O N  NO. A 6 3 - 1 2 5 5 7 ,  I S S U E  NO. 6 1  

4 6 3 - 1 5 9 4 8  

U S E  O F  THE F R E C U E N C Y  OF C E T E O R C I O  I P P A C T  APJC T b E  
T R A N S P O R T  OF I M P A C T  D E B R I S  TO T H E  E A R T H  FCR T H E  
I N T E R P L A N E T A R Y  C O R R E L A T I O N  OF G E O L O G I C  T I M E  

A 6 3 - 1 7 6 2 6  

A P P L I C A T I C N  O F  G E O S C I E N C E S  TO M A N N E C  L U N A R  
E X P L O R A T I O N ,  I N  T E R M S  O F  T E R R A I N ,  ROCKS, M I N E R A L S .  
PCWER A N 0  T O O L S  A 63- 183  9 C 

S T R A T C G R A P k I C  R E i A i i C h S  AivC S i X F A i E  
C h A R A C T E R I S T I C S  O F  T H E  D E P O S I T S  A R O U Y O r T H E  L U N A R  
CRATERS.  I N  ORDER TO O U T L I N E  T H E  FRAMEWORK O F  A 
L U N A R  T I M E  S C A L E  A 6 3- 1 839 4 

N A T U R E  O F  T H E  L U N A R  SURFACE,  B A S E D  ON T H E  
S T A T I S T I C A L  C O M P A R I S O N  O F  MEASUREMENTS ON 
S P E C I M E N S  C F  T E R R t S T R I A L  SCCK W I T H  L U N A R  
P H C T O P E T R I C  D A T A  A 6 3 -  1 8 4 0  1 

I N V E S T I G A T I O N  O F  T b E  P H Y S I C A L  P R C P E R T I E S  O F  T H E  
L U N A R  S U R F A C E  L I Y E R  AS S I P U L A T E C  B Y  T E R R E S T R I A L  
ANC E X T R A T E R R c S T R I A L  M A T E R I A L S  

A 6 3 -  1 8 4 2 4  

P A S T  A h 0  P R E S E N T  P R O C E S S E S  ON T H E  MCON, ANC T H E  
S T R A T I G R A P P I C  RECORD E X P E C T E D  T O  B E  F O U N D  T P E R E  
A I A A  P P P E R  6 3 - 2 5 4  4 6 3- 1 e 8  5 2  

S P E C U L A T I C N  ON T H E  O R I G I N  F O R M A T I O N  O F  T E K T I T E S  
FROM S I L I C I C  I G N E O U S  ROCKS, S P E C I F I C A L L Y  R t Y C L I T I C  
T U F F S ,  F O R C I N G  T H E  U P P E R  L A Y E R S  OF T H E  L U N A R  P A R I 4  

A 6 3 - 2  1 6  11 

L U N A R  C H E M I C A L  C O M P O S I T I O N I  H Y D R C S T A T I C  
E P U I L I B R I U P r  T H E R K P L  H I S T C R Y  A N 0  M A T E R I A L  
E V A P O R A T I C h  ARE C C N S I C E R E C  I N  A STUCY C F  T P E  
I N T E R N A L  S T R U C T U R E  O F  T H E  MOON 

~ 6 3 - 2 3 4 1  a 

O R I G I N  OF T P E  L U N A R  W A L L E C  P L A I N  P T O L E M A E U S  
OEOUCEC FRCM T E C T O N I C  R E L A T I O N S  B E T W E E N  D I V E R S E  
F E A T U R E S  I N  P T O L E M A E U S  A N 0  T H E  G R I D  S Y S T E M S  I N  I T S  
V I C I N I T Y  A 6 3 - 2  4 1 1 2  

GEOLOGY C F  L U N A R  S b R F A C E  I N  V I E W  C F  R E C U I R E M E N T S  
F O R  S E L E C T I N G  A S I T E  F C R  C O N S T R U C T I N G  AND 
M A I N T A I N I N G  A L U N A R  BASE,  C O V E R I N G  V C L C A N I C  
M E C H A N I S P S  A 6 4 - 1 1 4 6 1  

F A C T C R S  C A U S I N G  L U N A R  E R I ? S I O N  PNC O E P O S I T I O N I  
C O N S I D E R I N G  R A T E  O F  E X T R I N S I C  E R C S I C N ,  E R O S I C N  D U E  
T O  M I C R O M E T E C R I T E S  ANC G C L O S  OUST THEORY 

A 6 4 - 1 2 6 9 1  

G E O M A G N E T I S M  
SPACE A h 0  P L A N E T A R Y  E N V I R C N M E N T S  
A F  S U R V E Y S  I N  G E O P H Y S I C S - 3 9  N t 2 -  1 1 4 6 0  

G E O P H Y S I C S  
S P A C E  A N 0  P L A N E T A R Y  E N V I R C N M E N T S  
A F  S U R V E Y S  I N  G E O P H Y S I C S - 3 9  N 6 2 - 1 1 4 6 0  

S E I S M C M E T E R  F C R  RANGER L U h A R  L A N D I N G  
N 6 2 - 1 3 6 6 1  

L U N A R  E N V I R O N M E N T  N 6  2- 1 4 2  1 5  

S O V I E T - B L C C  R E S E A R C H  I N  G E O P H Y S I C S I  ASTRONOMY, A N 0  
S P A C E  S C I E N C E S  /NC. 3 6 /  1 9 6 2  
J P R S - 1 3 9 3 1  N 6 2 - 1 7 7 6 2  

S O V I E T  B L C C  R E S E A R C H  I N  G E O P H Y S I C S ,  ASTRONOMY, A N D  
S P A C E  S C I E N C E S  /NC. 4 6 /  1962 
J P R S - 1 5 9 7 6  N 6 2 - 1 7 8 8 4  

S U V I E T  B L G C  R t S E A R C H  I N  G C C P H Y S I C S .  ASTSONOMY.  A N 0  
S P A C E  S C I E N C E S  /NO. 4 8 1  1962 
J P R S -  1 6 4 5  5 N 6 3 -  1 0 5 2 6  

S O V I E T - B L O C  R E S E A R C H  I N  G E O P H Y S I C S ,  ASTRONOMYI A N 0  
S P A C E  S C I E N C E S  /NO. 2 9 /  1 9 6 2  
J P R S - 1 2 4 4 5  N 6 3 -  110 1 3  

S U R F A C E  G E O P H Y S I C A L  I N S T R U M E N T  F O R  S U R V E Y O R  
S P A C E C R A F T  P R O J E C T  
NASA-  C R-5 2 13 3 

P R E S E N T A T I O N  O F  T H E  T H E S I S  T H A T  G I A N T  M E T E O R I T E  
I M P A C T S  A R E  C A P A P L E  O F  O I S T L R B I N G  T P E  E A R T P S  
P O L A R  A X I S  A 6 3 - 1 2 0 8 8  

M O D I F I C A T I O N  O F  A H Y P O T H E S I S  O F  L U N A R  O R I G I N  F R O N  
A R A P I D L Y  R O T A T I N G  E A R T H  D U R I N G  T H E  F O R M A T I C N  O F  
T H E  E A R T H S  CORE A 6 3 - 1 4 5 3 4  

N 64- 1009 7 

G R A V I M E T R Y  
G R A V I M E T R Y  I N  L U N A R  E X P L O R A T I O N  
?!ASA-CR-5 0 ??2 

G R A V I T A T I O N A L  E F F E C T  

N 63- 2 0 19 2 

S I M U L A T I O N  T E S T S  O F  T H E  E F F E C T S  O F  L U N A R  G R A V I T Y  
ON T H E  M O B I L I T Y  O F  A V E H I C L E  A C R O S S  T H E  
C O H E S I O N L E S S  SURFACE,  V A R Y I N G  S O I L  P A R A M E T E R S  

6 6 3 - 2 2 7 4 2  

G R A V I T Y  
SPACE A N 0  P L A N E T A R Y  E N V I R O N M E N T S  
A F  S U R V E Y S  I N  G E C P H Y S I C S - 3 9  N 6 2 - 1 1 4 6 0  

GROUND WAVE 
P O I N T - T O - P O I N T  C O M M U N I C A T I O N  ON T H E  MOON B Y  
GROUND-CAVE P R C P A G A T I O N  ~ 6 3 - i i e 8 6  

G U I D A N C E  
R E S E A R C H  SUMMARY NC. 36-12 - V O L  l r  OCT TO CEC 
1961 - S P A C E  S C I E N C E ,  T R A J E C T O R I E S v  G U I D A N C E  ANC 
C O N T R O L ,  T E L E C C M M L N I C A T I O N S  
J P L - R S - 3 6 - 1 2 .  V O L -  1 N 6 2 - 1 6 3 6 3  

GYROSCOPE 
G A S  B E A R I N G  S P H E R I C A L  RCTCR GYROSCOPE ARC I T S  
P O S S I B L E  U S E  F O R  S P A C E  
A I A A  P A P E R  63-214 A 6  3- 1 8 4 3  1 

H 
H A B I T A T I O N  

B I B L I O G R A P H Y  O F  L U N A R  P R O P E R T I E S ,  GEOLOGY,  S U R F A C E  
V E P I C L E  & B A S E S  - P A R T  I 1 1 1  L U N A R  A N 0  A R C T I C  
E X P L O R A T I O N  A N 0  H A B I T A T I O N  
58-61-67 N63- 1 4 7 3 9  

H A Z A R O  
L U N A R  S U R F A C E  B A L L I S T I C S r  H A Z A R D S  O F  S P A C E C R A F T  
L A N O I R G  OR L A U N C H I N G ,  P A R T I C L E S  - E X H A U S T  G A S E S  
N A S A - T N - 0 - 1 5 2 6  N 6  3- 1 35 1 5  

H E A T  B A L A N C E  
T E M P E R A T U R E  D I S T R I B U T I O N  F U N C T I O N  OVER T H E  L U N A R  
S U R F A C E  B Y  C A L C U L A T I O N  O F  T H E  H E A T  B A L 4 Y C E  D U R I N G  
A L U N A T I O N  A 6 3- 2 2 2  0 5 

H E A T  T R h N S F E R  
L U N A R  S T O R A G E  OF L I C U I O  P R O P E L L A N T S  
N A S A - T N - 0 - 1 1 1 7  

E X A M I N A T I O N  O F  T H E  T H E R M A L - C O N T R O L  A S P E C T S  OF 
A B O V E - S U R F A C E  STORAGE OF P R O P E L L A N T S  O N  A L U N A R  

N 6 2 - 1 3 8 8 s  

E C U A T O R I A L  S I T E  
A R S  P A P E R  62-2690 4 6 3 - 1 2 2 2 8  

H I G H  F R E Q U E N C Y  
L U N A R  S U R F A C E  H I G H  F R E Q U E N C Y  S P U T T E R I N G  Y I E L D  
R E L A T E 0  T O  I O N  BSMBAROMENT D A T A  F O R  POWDERED ROCK 
N A S A - C R - 5 0 2 2 9  N 63- 1 7 20 4 

H Y D R O G E N  
HYDROGEN N E A R  T H E  MOON 
C R S R - 1 1 4  N 6 2 - 1 1 1 4 1  

S P E C T R O G R A P H I C  A N A L Y S I S  O F  E M I S S I O N S  F R C M  THE 
A R I S T A R C H U S  C R A T E R  ON T H E  MOON A N 0  C O M P A R I S O N  O F  
I T S  S P E C T R A  W I T H  HYDROGEN A 6 3 - 2  C 0 3 9  

I - a  



T R A J E C T O R I E S ,  AVO M E T E O R I T I C  C R A T E R I Y G  
A W F L - R T D - T O R - 6 3 - 3 0 2 5  N 6 3 - 1 8 7 7 8  

I N V E S T I G A T I O N  OF T H E  P H Y S I C A L  P R O P E R T I E S  O F  T H E  
L U N A R  S U R F A C E  LAYER AS S I M U L A T E 0  B Y  T E R R E S T R I A L  
A N D  E X T R A T E R R E S T R I A L  M A T E R I A L S  

A 6 3 - 1 8 4 2 4  

F 
F A C I L I T Y  

S P A C E  PRUGRAMS SUMMARY NC. 3 7 - 1 5  - V C L -  t r  
MAR-JUNE 1962 - S P A C E  E X P L O R A T I O N  PROGRAMS 
E S P A C E  S C I E N C E S  
J P L - S P S - 3 7 - 1 5 .  VOL- V I  N 6 2 - 1 3 9 1 4  

F A U L T  M E C H A N I C S  
F A U L T  M E C H A N I C S  C F  L U N A R  S T R A I G H T  W A L L  A N 0  P A R E  
N I a l U M  - L U N A R  GEOLOGY N 6 3 - 1 5 2 5  1 

F L A S H  
PHENCMENA C F  I N P A C T  F L A S H  - R E A C T I O N  OF L U N A R  
S U R F A C E  TO I M P A C T  OF L U N A R  PRCHE 
AR S P A P  E R - K 4 7 6 - 6  2 N 6 2 - 1 4 4 5 7  

F L I G H T  I N S T R U M E N T  
D E S I G N  A N 0  C O N S T R U C T I O N  O F  L U N A R  S E I S M C G R A P H  U S E C  
AS BACK-UP I Y S T R U M E N T  F O R  SURVEYOR F L I G H T  - 
SURVEYOR P R O J E C T  
NASA-  C R- 5 0 24 5 N 63- 1 8 2 9 0  

FLOW F I E L O  
C A L C U L A T I N G  THE F L C W  F I E L D  @ F  AN E X H A U S T  P L U M E  
I M P I N G I N G  O N  A S I M U L A T E O  L U N A R  S U R F A C E  

6 6 3 - 1 7 9 8 7  

F O S S I L  M E T E O R I T E  C R A T E R  
M E T E O R I T I C  CRATER F O R K A T I C N  ON E A R T H  S U R F A C E  

F O S S I L  S T R b C T U R E S  A N D  L U N A R  C R A T E R S  
EXPLAINEC e y  AN ANALYTICAL THEORY ANO APPLIED T O  

A 6 4 - 1 2 6 4 0  

G 
G A S  

L U N A R  C R U S T  FOR L I F E  S U P P O R T  N 6 2 - 1 4 2 1 7  

G A S  B E A R I N G  
G A S  B E A R I N G  S P H E R I C A L  RCTOR GYROSCOPE A N 0  ITS 
P O S S I R L E  U S €  FCR S P A C E  
A I A A  P A P E R  6 3 - 2 1 4  1 6 3 - 1 0 4 3  1 

G A S  CHROMATOGRAPHY 
M O N I T O R I N G  C F  LUNAR B A S E  ATMOSPHERES B Y  GAS 
CHROMATOGRAPHY N 6 2 - 1 4 2  1 4  

G A S  CHRCMATOGRAPH F O R  SURVEYOR L U N A R  P R C J E C T  - 
S P E C I F I C A T I O N S  AND O P E R A T I O N  
N A S A - C R - 5 1 0 0 7  N 6 3 - 2 1 3 6 1  

D E S I G N  C R I T E R I A  F C R  A L P H A  P A R T I C L E  S C A T T E R I h G  
I N S T R U M E N T S  FOR L U N A R  S U F A C E  A N A L Y S I S ,  GAS-  
C H R O M A T C G R A P H I C  E C U I P M E N T .  N U C L E A R  A C T I V A T I C N  
A N 4 L Y S I S  I N S T R U P E N T S .  AND X-RAY D I F R A C T C M E T E R S  
A N 0  SPECTROMETERS A 6 3 - 2 1 1 3 9  

L U N A R  C H E P I C A L  C C P P C S I T I C N I  H Y D R O S T A T I C  
E P U I L I B R I U Y ~  THERMAL H I S T O R Y  AND M A T E R I A L  
E V A P O R A T I O N  ARE C C N S I O E R E O  I N  A S T U C Y  O F  T H E  
I N T E R N A L  STRUCTURE C F  T H E  MCON 

G E O A S T R O P H Y S I C S  

A 6 3 - 2  34  1 8  

L U N A R  S l i R F A C E  N C O E L S  ARE U S E 0  I N  T H E  S T A T I S T I C A L  
A N 0  T H F R M C X E C H A N I C A L  S T U D Y  OF THE S U R F A C E  GEOMETRY 
A N 0  S O I L  STRENGTH O F  T H E  L U N A R  M A R I A  

663-23419 
G E O D E S Y  

C E L E S T I A L  GEGCESY 
N 4 S A  T N  0-1155 N 6 2 - 1 0 4 7 3  

GEOLOGY 
T H E  P H Y S I C A L  P R C P E R T I E S  O F  T H E  MOON AND P L A N E T S  
R M - 3 0 2 2 - J P L  N 6 2 - 1 0 4 0 4  

G E C L O G I C A L  I h T E R P R E T A T I O N  O F  T H E  L U N b R  S U R F A C E  
N 6 2 -  1 5 7 4  2 

P A G M A T I C  B O I L I h G  A N 0  UNCERGROUNO S T R U C T U R E  O F  T H E  
P C C N  N 6 2 - 1 5 7 4 4  

G E C L C G I C A L  A h C  T H E R M C C Y N A P I C  A S P E C T S  O F  L U N A R  
R O C K S  
A F C S R / O R A - 6 2 - 1 1  U 6 2 - 1 7 4 9 2  

S I M U L A T I O N  O F  L U N A R  L U M I N E S C E N C F  - U L T R I V I O L E T  A N D  
P P O T O U  E X C I T A T I O N  O F  T E K T I T E  E M E T E @ R I C  M A T E R I A L  
A F C R L - 6 2 - 1 0 9 9  N 6  3-1 10 17 

B I B L I O G R A P H Y  O F  L U N A R  GEOLOGY 
S M - 4 2 5 8 2  N 6 3 - 1 2 7 2 8  

L U N A R  GEOLOGY - A N A L Y S I S  O F  L U N A R  PHOTOGRAPHS 
N6 3- 12 7 8 5 

M E A S U R I N G  ROCK ANC S O I L  S T R E N G T H  P R C P E R T I E S  A T  THE 
S U R F A C E  O F  T H E  MCGN 
J P L - T R - 3 2 - 3 7 4  

T H E R M A L  P R O P E R T I E S  O F  S I M U L A T E O  L U N A R  M A T E R I A L  
I N  A I R  A N 0  I N  V A C b U M  
J P L - T R - 3 2 - 3 6 8  

I N F R A R E O  S P E C T R O P H O T O M E T R Y  F O R  L U N A R  ANC P L A N E T A R Y  
S O I L  4 N A L Y S I S  
N A S A - T U - 0 - 1 8 7 1  

B I B L I C G R A P H Y  OF L U N A R  P R O P E R T I E S ,  GEOLCGY,  S U R F A C E  
V E H I C L E  E B A S E S  - P A R T  111. L U k A R  A N 0  A R C T I C  
E X P L O R A T I O N  A N 0  H A B I T A T I O N  
5 6 - 6 1 - 6 7  N 6 3 - 1 4 7 3 9  

F A U L T  M E C H A N I C S  O F  L U N A R  S T R A I G H T  W A L L  A N 0  M A R E  
N I B I U M  - L U N A R  GEOLGGY 

L U N A R  GEOLOGY - T H E C R I E S  C O N C E R N I N G  T O P O G R A P H I C  
F E A T U R E S  N 6 3 - 1 @ 2  19 

L U N A R  GEOLOGY - S T R A T I G R A P H Y ,  M E T E O R I T I C  C R A T E R S  
A I A A  P A P E R - 6 3 - 2 5 4  N 6 3 - 1 8 3 4 3  

N 6 3 -  1 2 9 2 2  

N 6 3 - 1 3 7 6 7  

N 6 3 - 1 4 4 0 6  

N 6 3 - 1 5 2 5  1 

I P P G ' I T A N C E  O F  M A N N E D  L U N A R  E X P L O R L T I O N  F O R  
G E O L O G I C A L  E B I O t H E M I C A L  L X P E R I Y E N T S  

N 6 3- 1 94 8 8 

N A T U R E  O F  L U N A R  S U R F A C E  ANC M A J O R  S T R U C T U R A L  
F E A T U R E S  N 6 3 - 2 1 6 2 2  

U T I L I Z A T I C N  O F  L U N A R  R E S O U R C E S  
NA SA-CR-5 1008 

P O S S I B L E  O R I G I N  O F  T H E  L U N A R  W A L L E D  P L A I N  
P T C L E M A E U S  N 6 4 - 1 2 4 0 4  

I N T E R N A L  S T R U C T U R E S  O F  MOCN A N 0  I N N E R  P L A N E T S  

N 6 3 - 2 1 6 4 3  

N 6 4 -  151 8 3 

O I S C U S S I C h  O F  E X P E R I M E N T A L  A P P A R A T U S  ANC R E S U L T S  
O F  A C Y N A M I C  P E N E T R A T I O N  S T U D Y  O F  CRUSCEO R C C K  
U N D E R  A T P C S P H E R I C  A N 0  V A C U U Y  C C N O I T I O N S  
A R S  P A P E R  62-2713 A 6  3- 1 2  76 3 

T C P C G K A P h Y  A N 0  T E C T O N I C S  O F  I H E  L U N A R  S T R A I C - F T  
WALL,  N H I C I -  I S  F C U N O  TC B E  A D I P - \ L I P  F A L L 1  hITH 
T h E  U P T h R O k  C I P P I N C  G E N T L Y  AWAY F R O N  T H F  F A U L T  

A 6 3 -  1 3  1 7 2  

@ R I F F  C C h S I O i K A T I E h  OF G E O L O G I C A L  AND 
S E L E N C L C G I C A L  P R C C E S S E S .  ANC T H E  I M P L I C A T I C N S  C F  
T H E  SCUTh-ALISTK \ L [ 1 1  R I  uC S T R U C T U h E S  

C 6 3 - 1 5 5 1 2  

O I S C U S S I C N  O F  E X P E R I M E N T A L  A P P A R A T U S  ANI' R F S L ' L T S  
O F  A C Y h A W I C  P k N E T R A T I O N  S T U D Y  O F  CRU\ I -EC ROCK 

1-7 

I N T E R N A L  S T R L C T U R F  C F  T H E  MOCN 
A R S  P A P E R - 2 4 5 5 - 6 2  N 6 2 - 1 4 4 5 9  

E V d L U A T I C N  C F  I h F R b R E C  S P E C T R C P H C T O M E T R Y  F O R  
C C P P C S I T I O N f l L  A N A L Y S E S  O F  L U N A R  E P L A N E T A R Y  S O I L S  

N 6 2- 1 4 6 4  1 



HYDROGEN I O N  
S O L A R  W I N O  B C M B A R D P E N T  O F  L U N A R  S U R F A C E  - 
S I M U L A T I O N  W I T H  H Y D R O G E N  I O N  @ E A M  

N 6 4 - 1 5 1 7 5  

HYDROGEN I O N  BCMBARDMENT C F  B A S A L T  PCWCERS I N  
I N V E S T I G A T I N G  E F F E C T  O F  S O L A R  W I N D  ON L U N A R  
S U R F A C E  
N A S A - C R - 5 5 7 2 C  N 6 4 - 1 5 8 9 1  

H Y D R O P O N I C S  
U T I L I Z A T I C N  O F  L U N A R  S U R F A C E  R E S O U R C E S  - L L N A R  
PROGRAMS, H Y D R D P O N I C S t  WATER A N 0  O X Y G E N  S U P P L I E S  

N 6 3 -  1 4 9  e 4  

H Y P E R S O N I C  S P E E D  
A C T I O N  OF I 'YPERSONIC J E T  ON O U S T  L A Y E R  - R E L A T E D  
T O  L U N A R  S U R F A C E  E R O S I O N  B Y  R O C K E T  E X H A U S T  
I A S - P A P E R - 6 3 - 5 0  N 6 3 - 1 2 8 9 4  

H Y P E R V E L O C I T Y  
E L E M E N T A L  APUNOANCES C F  T H E  L U h A R  C R U S T  

N 6 2 -  1 2 4 4  5 

H Y P E R V E L O C I T Y  I M P A C T  
F R A G M E N T S  EJECTED FROM LUNAR SURFACE a y  METECROIC 
I M P A C T  A N A L Y Z E D  ON B A S I S  O F  S T U D I E S  O F  
H Y P E R V E L C C I T Y  I M P A C T  I N  ROCK A N D  SAFiD 
NASA-  T N-0- 176 7 N 6 3 - 1 4 5 8 7  

H Y P S O M E T R Y  
H Y P S O M E T R I C  L U N A R  MAP 
A I D - 6 2 - 1 2 3  N 6 2 - 1 6  1 8 0  

I 
I C E  

P O S S I B L E  P R E S E N C E  OF L O C A L  C O N C E N T R A T I O N S  O F  I C E  
ON MOON I N  P E R M A N E N T L Y  S H A C E D  A R E A S  

N 6 2 - 1 0 7 2 6  

L I F E T I M E S  OF I C E S  O F  COMMON V O L A T I L E S  /WATER. 
C A R B O N  D I O X I D E .  M E T H A N E /  I N  S O L A R  S Y S T E M  

N 6 3 -  1 6 7 0 2  

I M P A C T  
I M P A C T  C H A R A C T E R I S T I C S  C F  V A R I C U S  M A T E R I A L S  
O B T A I N E C  B Y  A N  ACCELERATICN-TIHE-HISTCRY T E C H N I C U E  
A P P L I C A B L E  T O  E V A L U P T I N G  R E M O T E  T A R G E T S  
N A S A - T N - 0 - 1 2 6 9  N 6 2 - 1 2 6 5 2  

D Y N A M I C  P E N E T R A T I C N  S T U D I E S  I N  C R U S P E C  RCCK U N D E R  
A T M G S P H E R I C  A N 0  VACUUM C O N D I T I C N S  
J P L - T R - 3 2 - 2 4 2  N 6 2 - 1 4 0 8 5  

PHENOMENA C F  I M P A C T  F L A S H  - R E A C T I O K  O F  L U N A R  
S U R F A C E  T C  I C P A C T  G F  L U N A R  PROGE 
ARS P A P E R - K 4 7 6 - 6 2  N 6 2 -  1 4 4 5  7 

P O S S I B L E  E L E M E N T A L  A B U N D A N C E S  O F  L U N A R  C R U S T  - 
I M P A C T  A N D  V O L C A N I C  O R I G I N  N 6 3 -  10702 

I M P A C T S  O N  T H E  E A R T H  A N D  MOON - M E T E O R I T E S .  COMETS 
A N D  A S T E R O I D S  N 6 3- 1 20 7 1 

I N T E R P L A N E T A R Y  D U S T  P A R T I C L E  I M P A C T  ON L U N A R  
S U R F A C E  
N A S A - T N - 0 - 2 1 0 0  N 6 4 - 1 1 9 0 6  

I M P A C T  R A D I A T I C N  ON C O L L I S I O N  B E T W E E N  P R O J E C T I L E  6 
T A R G E T  
N A S A - C R - 5 5 7 8 3  N 6 4 -  1 5 8 7 6  

I M P A C T  T E S T  
S I M U L A T I O N  E X P E R I M E N T S  A R E  MADE TO C E T E R M I N E  L U N A R  
S U R F A C E  R E A C T I O N  T O  A L U N A R  P R O B E  I M P A C T S  N O T I N G  
I M P A C T  F L A S H ?  F L A S H  D U R A T I C N  A N D  E M I T T E D - L I G P T  
S P E C T R U M  A 6 3 - 2 3 4 2 1  

I N D U C T I O N  
M U L T I C C I L  I N D U C T I C N  M E A S U R E M E N T S  O F  L U N A R  S U R F A C E  
A N 0  S U B S U R F A C E  M A G N E T I C  S U S C E P T I B I L I T Y  
N AS A-C R - 5 0  57 8 ~ 6 3 -  1 a422 

I N F R A R E D  ASTRONCMY 
I N F R A R E D  ASTRCNOMY O F  MOON - L U N A R  R A Y  C R A T E R S  A N 0  
S U R F A C E  T E M P E R A T U R E  
A F C R L - 6 3 - 4 5 9  

I N F R A R E D  S Y S T E M  FOR T A K I N G  L U N A R  P I C T L I R E S  
F T D - T T - 6 3 - 3 3 5 / 1  N 6 3 - 2 3 7 3 5  

I N F R A R E D  M A P P I N G  C F  L U N A R  C R A T E R S  D U R I h G  F U L L  POCN 
& D U R I N G  T O T A L  E C L I P S E  
~ 1 - a 2 - 0 1 7 6  N 6 4 - 1 2 0 1 8  
E X P L A N A T I O N  O F  P R E V I O U S L Y  U N C O R R E L A T E O  V I S L A L  AND 
I N F R A R E D  L U N A R  O B S E R V A T I O N S  BY S U G G E S T I O N  T H A T  
T H E  S U R F A C E  O F  THE MOCY H A S  I N D E N T A T I O N S  

N 63- 1 6 5  1 3  

8 6 3 - 1 1 8 5 9  

L U N A R  S U R F A C E  S T R U C T U R E  I N V E S T I G A T E D  B Y  I N F R A R E D  
S P E C T R A L  O B S E R V 4 T I O N  O F  MOON. U S I N G  A T E L E V I S I O N  
S Y S T E M  A 6 4 - 1 1 2 2 7  

I N F R A R E D  P H O T O G R A P H Y  
P L A N E T A R Y  ANC L U N A R  R E S E A R C H  I N  T H E  P H O T O G R A P H I C  
I N F R A R E D ?  V I S I B L E I  A N 0  U L T R A V I O L E T  S P E C T R A  
~ ~ - 4 z a 3 9 2  N 6 4 -  14359 

I N F R A R E D  R A D I A T I O N  
I N F R A R E D  I N S T R U M E N T A T I O N  FOR T H E R M A L  P H C T C G R A P H Y  
O F  T H E  MCON N 6 2 -  1 C 1 2 3  

I N F R A R E D  S P E C T R O P H O T O M E T E R  
E V A L U A T I O N  O F  I N F R P R t O  S P E C T R O P H O T C M E T R Y  F C R  
C C M P O S I T I O N A L  A N A L Y S E S  O F  L U N A R  & P L A Y E T A R Y  S O I L S  

N 6 2 -  1 4 6 4  1 

I N F R A R E D  S P E C T R O P H C T O M E T R Y  F O R  L U N A R  A N 0  P L A l v t l n K T  
S C I L  A N A L Y S I S  
N A S A - T N - 0 - 1 8 7 1  N 6  3- 14406 

I N F R A R E D  S P E C T R O S C O P Y  
M I N E R A L O G I C A L  S A T E L L I T E  - M A P P I N G  O F  M I N E R A L C G Y  & 
T E P P E R A T U R E  C F  L U N A R  S U R F A C E  B Y  REMGTE I N F R A R E D  
S P E C T R A L  M E A S U R E M E N T S  N 6 4 - 1 2 3 5 1  

I N F R A R E D  S P E C T R U M  
I N F R A R E D  S P E C T R A L  A N A L Y S I S  O F  L U N A R  S U R F A C E  F R O P  
O R B I T I N G  S P A C E C R A F T  N 6 3 -  1 4 6 6 @  

A N A L Y S I S  O F  ROCKS AND M I N E R A L S  B Y  R E F L E C T E C  
I N F R A R E D  R A O I A T I G N  N 6 3- 1 6  189 

S T U D Y  C F  T H E  N E A R  I N F Q P R E C  SPECTRUM O F  VENUS,  
U S I N G  A S P E C T R O M E T E R  W I T H  D I F F R A C T I C N  G R A T I N G  

A 6 3 -  1 8 9 0 2  

I k S T R U M E N T  
L U N A R  E X P L C R A T I C N  - I F i S T R U P E N T  L A N D I N G S  

'i 62- 1 5  5 0 2  

I N S T R U M E N T A T I O N  
S C I E N T I F I C  EX?ERIM:NTS FOR R A l l G E R  S P A C E C R P F T S  
J P L - T  R - 3 2 -  199 

S U R F A C E  G E O P H Y S I C A L  I N S T R U M E N T  F C R  SURVEYOR 
S P A C E C R A F T  P R O J E C T  
N A S A - C R - 5 2 1 3 3  N 6 4 - 1 C 0 9 7  

:J 62- 1 0 2 6  7 

I N T E G R A L  E Q U A T I O N  
S O L U T I O N  O F  I N T E G R A L  E C U A T I O N  FOR L U N I R  S C A T T  R I N G  
F U N C T I O N  - M E A S U R I N G  L U N A R  S C A T T E R I N G  P R O P E R T I E S  
HITH C O N T I N U C U S  WAVE R A D A R  N 6 3 - 1 8 0 5 1  

I N T E R P L A N E T A R Y  G U S T  
I N T E R P L A N E T A R Y  D U S T  P A R T I C L E  I M P A C T  ON L U N A R  
S U R F A C E  
N A S A - T N - 0 - 2 1 0 0  

R E V I E h  OF T H E  I N F O R M A T I O N  AND H Y P O T H F S E S  ACVANCED 
ON T H E  N A T U R E  O F  T H E  L U N A R  S U R F A C F  

N 6 4 - 1 1 9 0 6  

at:- 1 E 1 3  3 
I N T E R P L A N E T A R Y  G A S  

S P A C E  ANC P L A Y E T A R Y  E N V I R O N M E Y T S  
bF S U R V E Y S  1 N  G E C P I - Y S I C S - 3 S  '462- 1 1 4 6 C  

I N T E R P L A N E T A R Y  M A G N E T I C  F I E L D  
S P A C E  AND P L A N E T A R Y  E N V I R C N M E N T S  
A F  S U R V E Y S  I N  G E C P h Y S I C S - 3 9  ' 4 6 2 - 1 1 4 6 0  

1 - 9  



I O N  BOMBARDMENT 
L U N A R  SURFACE H I G H  F R E Q U E N C Y  S P U T T E R I N G  Y I E L O  
R E L A T E C  T O  I C N  BOMBARDMENT D A T A  F O R  POWOEREO ROCK 
N A SA-CR-5 02 2 9  N 6 3 - 1 7 2 0 4  

H Y D R O G E N  I O N  BOMBARDMENT O F  B A S A L T  POWDERS I N  
I N V E S T I G A T I N G  E F F E C T  O F  S O L A R  W I N O  ON L U N A R  
S U R F A C E  
N A S A - C R - 5 5 7 2 0  N 6  4- 1 589 1 

S P U T T E R I N G  R A T E S  OF L U N A R  S U R F A C E  DUE T O  S O L A R  
W I N O  BOMBAROMENT A 6 4 - 1 2 6 8 0  

I O N O S P H E R E  
H A Z A R D  OF P R O T O N - I N D U C E D  I O N O S P H E R I C  R A D I A T I O N  TO 
S P A C E  F L I G H T  S A F E T Y  N 6 3 -  1 8 7 7 5  

I S O T H E R M  
I S O T H E R M S  FOR V A R I O U S  L U N A R  C R A T E R  R E G I O N S ,  U N D E R  
I L L U M I N A T I C N  A N 0  E C L I P S E  CONOITIONS, .  A R E  O e T b I N E O  
B Y  A T P E R M I S T O R  B G L O H E T E R s  E X A M I N I N G  ANOMALOUS 
C O C L I N G  PHENOMENA 4 6 3 - 2 3 6 4 C  

J 
J E T  E X H A U S T  

L U N A R  SURFACE B A L L I S T I C S ,  H A Z A R D S  O F  S P A C E C R A F T  
L A N D I N G  CR L A U N C H I N G .  P A R T I C L E S  - E X H A U S T  G A S E S  
N A S A - T N - 0 - 1 5 2 6  N 6 3 -  1 3 5 1  5 

J E T  P L U M E  
C A L C U L A T I N G  T H E  FLOW F I E L D  OF A N  E X l - A U S T  P L U M E  
I M P I N G I N G  CN A S I M U L A T E D  L U N A R  S U R F A C E  

A 6  3- 1 798 7 

L 
L A N O  I N G  

U N M A N N E D  S C I E N T I F I C  MCON E X P L O R A T I O Y  
N 6 2- 1 2 4  9 C 

L A N O I N G  S I M U L A T I O N  
T U M B L I N G  M O T I O N S  O F  V E H I C L E  L A N D I N G  C N  A S U R F A C E  
T H A T  IS NOT L E V E L .  S U C H  A S  T H E  MOON 
A I A A  P A P E R  64-94 164-12771 

L A S E R  
O P T I C A L  ECHOES FRCM TWE L U N A R  S U R F A C E  A R E  S T U D I E D  
P S  A N  EXAMPLE O F  T H E  U S E  C F  C P T I C A L  M A S E R S  I N  
R A D A R  C E V I C E S  FOR S P A C E  R E S E A R C H  

A 6 3 - 2  1 4  5 7 

L A U N C H I N G  
L U N A R  SURFACE B A L L I S T I C S .  H A Z A R D S  C F  S P A C E C R A F T  
L A N D I N G  OR L A U N C H I N G .  P A R T I C L E S  - E X H A U S T  G A S E S  
N A S A - T N - 0 - 1 5 2 6  N 6  3- 135 1 5 

L E A S T  S a U A R E S  METHOD 
L E A S T  SQUARES METHOD S T A T I S T I C A L  A P P R O A C H  T O  
L U N A R  SURFACE GEOMETRY N 6 3 - 2 3 3 1 1  

L I B R A T I O N  
S P E C T R U M  CF L I G H T N I N G  I N  Tt-E V E N U S  C T h C S P H E R E .  
P R O B L E Y S  CF S E L t N C D E T I C  PHOTOGRAMYETRY.  D R A W I N G S  
O F  L U h 4 R  L I K E  AREAS.  T O P C C E N T R I C  L I B R A T I O N S .  

N 6  2- 166 1 8 

L I M B  Z C N E  OF T P E  MCON - NEW S O V I E T  STUOY 
J PRS-  1 5 3 2 4  N 6 2 - 1 7  7 5 C  

L U N A R  SELENCCRAPHY - R E D E T E R M I N A T I C N  C F  L I B R A T I O N  
C O N S T A N T S ,  L U N P R  S P H E R I C I T Y  MFPSUREMENTS.  
M I C R O R E L I t F  P H C T O I N T E R , P R E T A T I O N  
A F C R L - 6 3 - 4 0 6  

L U N A R  L I B i l A T I O h  C(1NSTANTSI L U N P R  SURFACE,  A N 0  
L U N A R  SHAPE C E T E N M I N A T I C N S  
ASR-2 N 6 4 - 1 6 0 7 6  

N 6  3- 1 52 2 3 

L I F E  S U P P C R T  SYSTEM 
S G I L - L E S S  G A R O E N I Y G  ON TI -€  MCCN 

N t  2- 1 4 2  1 t 

L U N A R  C R U S T  FOR L I F E  S U P P O R T  N 6 2 - 1 4 2 1 7  

O X Y G E N  S U P P L Y  FRCM S P A C E  M I N E R A L S  FOR P E R S O N N E L  
S U P P O R T  N 6 3 - 1 5 2 7 0  

D E S I G k  O B J E C T I V E S  A N 0  U N C E R L Y I N G  A S S U M P T I O N S  F C R  A 
F U N C T I C N A L  MANNEO L U N A R  E X P L O R A T I O N  V E H I C L E  

A 63- 1 79 04  

L I F E T I M E  
L I F E T I M E S  O F  I C E S  C F  CCMMGN V O C A T I L E S  /WATER, 
C A R B O N  D I O X I O E .  M E T H A N E /  I N  S O L A R  S Y S T E M  

N 6 3 - 1 6 7 0 2  

L I G H T  
T H E  P H Y S I C A L  P R O P E R T I E S  O F  T H E  MOON A N 0  P L A N E T S  
R M - 3 0 2 2 - J P L  N 6 2 - 1 C 4 0 4  

S T U D I E S  O F  P H Y S I C A L  P R O P E R T I E S  O F  T H E  MOON A N 0  
P L A N E T S  
A R - 1 5 - J P L  N E Z - l l B C 6  

L I G H T  S C A T T E R I N G  A N 0  P H O T O M E T R I C  R E L I E F  O F  T H E  
L U N A R  S U R F A C E  
N A S A - 1 1 - F - 7 5  N 6 2 -  1 5  1 2  3 

L U N A R  L I G H T  P O L A R I Z A T I O N  
A I C - 6 2 - 1 4 2  N 6 2 - 1 6 8 8 5  

L I G H T  S C A T T E R I N G  
P H O T O M E T R I C  S T U O I E S  O F  C O M P L E X  S U R F A C E S  W I T H  
A P P L I C A T I O N S  TC L I G H T  S C A T T E R I N G  B Y  L U N A R  S U R F A C E  

N 6 4 -  1 1 3 9 3  

L I G H T N I N G  
S P E C T R U M  O F  L I G H T N I N G  I N  T F E  V E N U S  ATMOSPHERE.  
P R O B L E M S  O F  S E L E N O O E T I C  PHOTOGRAMMETRY. D R A W I N G S  
O F  L U N P R  L I M B  AREAS.  T O P O C E N T R I C  L I B R A T I O N S .  

N t 2 - 1 6 6 1 8  

L I M B  
L I M B  ZONE O F  T H E  MOON - N E Y  S O V I E T  S T U O Y  
J P RS- 1532 4 N 6 2 -  1 7 7 5 C  

L I P U E F A C T  I O N  
E L E C T R O L Y S I S  A N 0  L I Q U E F A C T I O N  O F  WATER O F  MOON 

N63-14987 

L iau Io  PROPELLANT 

N AS A-T h-0- 11 17 
L U N A R  STGRAGE O F  L I Q U I O  P R O P E L L A N T S  

~ 6 2 - 1 3 a 8 9  

L I T H O L O G Y  
I N V E S T I G A T I O N  O F  T H E  P H Y S I C A L  P R O P E R T I E S  O F  T H E  
L U N A R  S U R F A C E  L A Y E R  A S  S I M U L A T E D  B Y  T E R R E S T R I A L  
A N 0  E X T R A T E R R E S T R I A L  M A T E R I A L S  

~ 6 3 - 1  a 4 2 4  

L O C O M O T I C N  
W H E E L S  F O R  L U N A R  L O C O M O T I O N  
I A S  P A P E R - 6 2 - 1 3 5  N62-13344 

P R E L I M I N A R Y  L O C O M O T I O N  A N A L Y S I S  OF L U N A R  S U R F A C E  
V E H I C L E S  N 6 3 - 1 0 3 7  1 

L A N D  L C C O M C T I O N  ON S U R F A C E  O F  P L A N E T S  
A 63- 1 027 2 

L U M I N E S C E N C E  
S I M U L L T I O N  O F  L U N A R  L U M I N E S C E N C E  - U L T R A V I O L E T  A N 0  
P R C T O N  E X C I T A T I O N  O F  T E K T I T E  t M E T E O R I C  M A T E R I A L  
A F C R L - 6 2 - 1 0 9 9  N 6 3 - 1 1 0 1 7  

L U N A R  B A S E  
L C C A T I C N  C F  P L U N A R  B A S E  
GRO RES. N O T E S - 7 0  N 6 2 - 1 1 2 5 3  

L U N A R  B A S E  
L C C A T I C N  C F  P L U N A R  B A S E  
GRO RES. N O T E S - 7 0  N 6 2 - 1 1 2 5 3  

M G N I T O R I N G  C F  L U N A R  @ A S E  A T M C S P H E R E S  @ Y  G A S  
CHROMATOGRAPHY 

B I B L I O G R A P H Y  O F  L U N A R  P R O P E R T I E S ,  GEOLOGY, S U R F A C E  
V E H I C L E  C B A S E S  - P A R T  111, L U N A R  A N 0  A R C T I C  
E X P L O R A T I O N  ANC H A B I T A T I O N  
58-61-67 N t 3 - 1 4 7 3 9  

N 6 2 - 1 4 2  14 

MANNEO L U V A R  B A S E  N 6 4 -  13702 

1-10 



L U N A R  B A S E  C O N S T R U C T I O N  N 6 4 -  1 3  7 0 7  

L U N A R  S U R F A C E  C C N S I O E R A T I O N S  W I T H  R E S P E C T  TO 
L O C A T I O N  OF L U N A R  B A S E  N 6 4 -  1 3 7 1 2  

D I S C U S S I O N  OF T H E  P R O B L E M S  OF S E C U R I N G  RAW 
M A T E R I A L S  CN T H E  MCON. I N C L U D I N G  D I S C U S S I O N  ON 
P R O D U C I N G  WATER A N 0  O X Y G E N  
ARS P A P E R  6 2 - 2 6 8 9  A 63- 1 2  5 5 7 

D I S C U S S I O N  OF T H E  P R O B L E M S  OF S E C U R I N G  R A k  
M A T E R I A L S  CN T H E  MCON, I N C L U D I N G  A D I S C U S S I O N  ON 
P R O O C C I N G  WATER ANC C X Y G E N  
/ S E E  A C C E S S I C N  NO. A 6 3 - 1 2 5 5 7 /  

A 6 3- 1 5 9 4 8  

F A C T O R S  TO B E  C D N S I O E R E O  I N  P L A N N I N G  P E R M A N E N T  
MANNEO B A S E S  CN T H E  MOON. W I T H  P A R T I C U L A R  E M P H A S I S  
ON S H E L T E R  O E S I G N  ANC C O N S T R U C T I C N  

6 6 3 - 1 7 9 0 3  

G E O L O G I C A L  N A T U R E  OF T H E  MOON S T U D I E D  TO 
D E T E R M I N E  L U N A R  BASE S I T E .  E M P H A S I Z I N G  V O L C A N I C  
T E R R A I N  A D V A N T A G E S  A 6 4 - 1 1 6 0 8  

L U N A R  C O M M U N I C A T I O N  
P O I N T - T O - P O I N T  C C M M U N I C A T I O N  ON T H E  MOON BY 
GRCUND-WAVE P R C P A G A T I O N  A 6 3 - 1 1 8 8 6  

P R E L I M I N A R Y  S T U O Y  CN T H E  U T I L I Z A T I O N  OF M E D I U M  
R A O I O  F R E Q U E N C I E S  FOR B E Y C N D - L I N E - O F - S I G H T  
T R A N S M I S S I C N  CN THE S U R F A C E  OF T H E  MCON 

A 6 3 - 1 7 9 0 2  

C O N S I D E R A T I C N  C F  T H E  A P P L I C A T I C N  OF AN 
E X P E R I M E N T A L  T V  T E L E S C C P E  TO A S T R O N O M I C A L  S T U D I E S  

A 6 3 - 1 8 3 9 9  

L U N A R  C O M P O S I T I O N  
P R O C E S S E S  FOR U T I L I Z A T I O N  OF L U N A R  R E S O U R C E S  - 
R E O U C T I C N  OF S I L I C A T E S  TO PRODUCE O X Y G E N  
N A S A - C R - 5 2 3 1 8  N 6 4 -  10 1 7 9  

ERRORS I N  M E A S U R E M E N T  OF T E M P E R A T U R E  O F  T H E  MOON 
6 6 3 - 1 0 9 0 2  

A N A L Y S I S  OF L U N A R  S U R F A C E  C O M P C S I T I O ~ V  f!Y F A S T  
N E U T R O N  A C T I V A T I C N  ANC OTI’ER N U C L E A R  METHODS 

A 6 3- 1 17 6 3  

THEORY OF THE O R I G I N  A N 0  E V O L U T I C N  OF THE S O L A R  
S Y S T E M  B A S E C  ON A S T U C Y  OF V A Q I O U S  P R O P E R T I E S  OF 
T H E  COON AN0 C T H E R  B G D I E S  I N  T H E  S O L A R  S Y S T E M  

A 6 3 -  1 3 8 6  6 

A R G U P E N T S  C C N C E R N I N G  T H E  S T R U C T U R E  CF P E T E O R I T E S ,  
THE V A R Y I N G  C E N S I T I E S  OF THE P L A N E T S ,  THE O R I G I N  
OF T H E  MCCN ANC R A O I O A C T I V E  H E A T I N G  G F  THE 
M E T E C R I T E S  A 6 3 - 1 8 3 8 7  

L U N A R  C R U S T  
E L E M E N T A L  A B C N C A N C E S  OF T h E  L U N A R  CRUST 

N 6 2 - 1 2 4 4 5  

L U N A R  CRUST FOR L I F E  S U P P C R T  N 6 2 - 1 4 2 1 7  

E V I D E N C E  OF G R A N I T I C  ROCKS I N  L U N A R  C R U S T  FROM 
MORPHOLOGY OF T H E  L U N A R  S U R F A C E  - T E K T I T E S  

N 6 3 - 1 7 1 0 8  

C O N S I O E R A T I G N  O F  E V I D E N C E  FOR G R A N I T E  ROCKS 
FRCM MORPHOLOGY OF MOONS S U R F A C E  

6 6 3 - 1 0 2 2 1  

E X A M I N A T I O N  OF T H E  I N F O R M A T I O N  AND H Y P O T H E S E S  
C O N C E R N I N G  THE N A T U R E  OF T H E  U P P E R  L A Y E R  OF THE 
L U N A R  C R U S T  A 6 3 - 1 8 4 0 0  

L U N A R  D I S K  
B R I G H T N E S S  D l S T R I B U T I O N  OF T H E  L U N A R  O I S K  U S I N G  A 
R.AC!O T E L E S C O P E  I N  T H E  .8 CM RAf<GE 

A 6 3 - 1 7 3 0 3  

C O L L E C T I O N  CF P b P E R S  D E A L I N G  Y I T H  L U N A R  
I N V E S T I G A T I C N S v  I N C L U D I N G  R O C K E T  E X P L O R A T I O N ,  
R A C I O  O B S E R V A T I C N S t  S E L E N O O E S Y ,  T H E  L U N A R  S U R F A C E  
AND T H E  L U N A R  G L C B E  A 6 3 - 1 8 3 7 1  

F O R  C H E C K I N G  T H E  A V A I L A B L E  C H A R T S  A N 0  M O D E L S  C F  
T H E  G E N E R A L  F I G U R E  OF T H E  MOON 

AM- la379 

B R I E F  C O N S I C E R A T I O N  OF THE TWO MAJOR S E L E N O O E T I C  
P R O B L E N S  A 6 3 - 1 8 3 @ 3  

L U N A R  ECHO 
E N H A N C E M E N T  OF RAOAR R E F L E C T I V I T Y  A S S O C I A T E D  Y I T H  
L U N A R  C R A T E R  T Y C H O  A 6 3 -  1 0 5 2 9  

D E S C R I P T I O N  OF L U N A R  S U R F A C E  FROM RAOAR L U N A R  
E C H O E S  W I T H  D E F I N I T I O N  OF ROUGHNESS B A S E D  ON 
S T A T I S T I C A L  P R O P E R T I E S  OF A S U R F A C E  

6 6 3 - 1 0 8 1 2  

RAOAR S C A T T E R I N G  FROM T H E  L U N A R  S U R F A C E  AT 
W A V E L E N G T H S  OF 3 - 6 .  68, AND 7 8 4  C E N T I M E T E R S  

6 6 3 - 1 1  6 5 1  

RMS S L O P E  OF L U N A R  S U R F A C E  I S  D E T E R M I N E D  F R C M  
S I G N A L  F A D I N G  M E A S U R E M E N T S  ON L U N A R  R A D A R  
E C H G E S  A 6 3 - 1 1 6 5 2  

L I N E A R  P G L A R I Z A T I O Y  OF L U N A R  R A O I O  E M I S S I O N  A T  A 
W A V E L E N G T H  OF 3.2 CM 

U S E  OF R A D I O - E C H O  T E C H N I Q U E S  I N  O E T E R M I N I N G  T H E  
S U R F A C E  C H A R A C T E R I S T I C S  OF THE MOON 

A 6 3 - 1 7 3 0 9  

163-17662 

L U N A R  E F F E C T  
I N T E N S I T Y  O F  T H E  R A D I O  E M I S S I O N  FROM T H E  MOON A T  A 
W A V E L E N G T H  OF 4 MM A 6 3 - 1 8 4 2 0  

L U N A R  E X C U R S I O N  MODULE /LEM/ 
B I B L I O G R A P H Y  OF L U N A R  P R O P E R T I E S ,  GEOLOGY, S U R F A C E  
V E H I C L E  t B A S E S  - P A R T  111, L U N A R  A N 0  A R C T I C  
E X P L O R A T I O N  A N 0  H A B I T A T I O N  
5 8 - 6 1 - 6 7  N 6 3 -  14739 

L U N A R  E X P L O R A T I C N  
MOCN E X P L O R A T I C N  BY R A D I O P H Y S I C A L  METHODS 

N 6 2 - 1 5 3 3 1  

L U N A R  E X P L O R A T I O N  - I N S T R U M E N T  L A N D I N G S  
N 6 2 -  1 5 5 0  2 

S P A C E  PROGRAMS SUMMARV NO. 37-17 - V O L  6. J U L Y  TO 
O C T  1962 - S P A C E  E X P L C R A T I O N  PROGRAMS t S P A C E  
S C I E N C E S  
J P L - S P S - 3 7 - 1 7 ,  VOL. V I  N 6 3 - 1 0 3 3 4  

P R E L I M I N A R Y  L O C O M O T I O N  A N A L Y S I S  OF L U N A R  S U R F A C E  
V E H I C L E S  N 6 3 - 1 0 3 7 1  

SUMMARY OF R E P O R T S  ON L U N A R  E X P L O R A T I O N  
A S T R O O Y N A M I C S ,  A N 0  S P A C E  V E H I C L E  R E C O V E R V  

N 6 3 - 1 2 1 4 9  

B I B L I O G R A P H Y  OF L U N A R  P R O P E R T I E S ,  GEOLOGY,  S U R F A U  
V E H I C L E  t B A S E S  - P A R T  I111 L U N A R  A N 0  A R C T I C  
E X P L O R A T I O N  A N D  H A B I T A T I O N  
5 8 - 6 1 - 6 7  N 6 3 - 1 4 7 3 9  

UNMANNED L U N A R  E X P L O R A T I O N  S P A C E C R A F T  - RANGER,  
S U R V E Y C R .  A N 0  P R O S P E C T O R  P R O J E C T S  
N A S  A-TM-X- 50 135 N 6 3 - 1 8 8 6 3  

I M P O R T A N C E  OF MANNEO L U N A R  E X P L O R A T I O N  F O R  
G E O L O G I C A L  & B I O C H E M I C A L  E X P E R I M E N T S  

N 6 3 - 1 9 4 8 8  

G R A V I M E T R Y  I N  L U N A R  E X P L O R A T I O N  
N A S A - C R - 5 0 7 7 2  N 6 3 - 2 0  19 2 

E X P L O R A T I C N  OF L U N A R  S U R F A C E  - R E Q U I R E M E N T S  F O R  
S O F T - L A N D I N G  V E H I C L E  OF RANGER P R O J E C T  

N 6 3 - 2 1 3 4 6  

L U N A R  E X P L O R A T I O N  C O N F E R E N C E  - R A D A R  ECi lO,  R A D A R  
O A T A  I N T E R P R E T A T I C N ,  P H O T O G R A P H I C  PHOTOMETRYI  
L U N A R  V O L C A N I C S ,  t MANNED E X P L C R A T I C N  

N 6 3 - 2 1 3 6 2  

B I B L I O G R A P H Y  C F  A S T R O N A U T I C S  I N F O R M b T I O N  - 
E N G I N E E R I N G  E Q U I P M E N T  A N 0  P R O C E S S E S  A D A P T A B L E  T O  

1-11 



L U N A R  A N D  P L A N E T A R Y  E X P L C R A T I C h  
N A S A - C R - 5 0 9 6 6  N 6 3 - 2  1 4 7 9  

P H Y S I C A L  C P A R A C T E Y I S T I C S  C F  TI-E 1’OCfi 
U 6  3-2 16  1 5  

E X P E R I M E N T S  FOR UNMANNEO S C I E N T I F I C  E X P L O R A T I O N  O F  
T H E  MCON N 6 4 - 1 0 8 6 0  

P R O G R E S S  OF SURVEYOR A N 0  R A N G E R  P R O J E C T S  F O R  L U N A R  
E X P L O R A T I O N  N 6 4 -  1 3 4 0 7  

D I S C U S S I O N  OF T H E  S C I E N T I F I C  O B J E C T I V E S  C F  L U N A R  
E X P L O R A T I O N  A 6 3 -  1 2 4 6  5 

C R E I T S  ANC I N S T R U P E N T A T I O N  C F  RANGER S P A C E C R A F l .  
A N @  T H E I R  USE I h  E X P L O R I N G  T H E  MOON, T H E  P L A N E T S  
A N 0  I N T E R P L A N E T A R Y  S P A C E  A 6 3 - 1 4 3 8 1  

S U R F A C E  E X P L O R A T I C h  O F  T H E  MOOh AN? T H E  P L A N F T S  
A 6 3 -  1 4 3 8 2  

L U N A R  ROUGH- A N 0  S C F T - L A N D I N G  UNMANNEC S P A C E C R A F l  
F O R  G E C L O G I C  I N V F S T I G A T I O h S  A 6 3 -  1 7 6 5 8  

C E S I G N  C E J E C T I V E S  A h 0  U N D E R L Y I N G  A S S U V P T I C N S  F C R  A 
F U N C T I O N A L  PANNEO L L N P R  E X P L C R A T I C N  V E H I C L E  

A 6 3 -  1 7 S 0 4  

C O L L E C T I C h  OF P A P E R S  D E A L I h C  W I T H  L U V A R  
I N V E S T I G A T I C N S t  I N C L U C I N G  P O C K t T  E X P L C R A T I C N .  
R A D I O  O E S E R V A T I C N S .  S E L E N C D E S Y ,  THf L U N A R  S U P F A C t  
A N D  T H E  LUNAR G L C e E  A 6  3-  1 e 3 7  1 

A P P L I C A T I C N  OF G E C S C I E N C E S  TO MANNEC L U N A R  
E X P L O R A T I C Y ,  I N  T E R P S  O F  T E R R A I N ,  R C C K S .  M I N E R A L S ,  
POWER A h 0  TOOLS A 6 3 -  l e  39C 

N A S A  L U N A R  ANC P L A N E T A R Y  E X P L O R A T I O Y  PROGRAM, 
O I S C U S S I N C  RANGER, SURVEYCP.  P P C S P E C T C R  LLtAPC-  P F C  
M A R I N E R ,  VOYAGER P L A N E T A R Y  V E H I C L E S  

1 6 3 - 2 1 2 9 2  

EOOK C O N C E R N I N G  L L N I R  E X P L C R A T I O N ,  C O V E R I h G  N A T U R E  
OF THE PCCN, S P A C E C R A F T  SYSTEMS.  T E C H N I Q U E 7  FOR 
L A U N C H ,  MIDCCURSE.  R E N D E Z V C U S ,  L A N P I N C  ANC R E T U R V  
P H A S E S  C F  TPE L U N A R  F L I G H T  A 6 3 - 2 3 4 1 7  

L E S A .  LUNAR E X P L O R A T I C N  S Y S T E P  FGR A P O L L C .  T C  
E M P L O Y  L U N 4 R  B P S E  RAOE FRCM P R E F b B R I C A T E C  MCOULES 
L A U N C H E D  B Y  S A T U R N  V R O C K E T S  4 6 4 - 1 2 9 0 2  

L U N A R  F A R  S I D E  
L U N A R  PHOTOGRAPHY - L U N A R  F A R  S I O E  P H C T C G R A P H S  

N 6 3-  1 8 4 4  9 

P H C T O P E T R I C  STUCY C F  T h E  P I C T U R E S  C F  T k E  P C C N S  
REMOTE S l o t  A 5 3 - 1 7 8 3 4  

I N F C R P A T I C N  L E A R N E C  C O N C E R N I N G  T H E  R E V E R S E  S I D E  O F  
T H E  MCON FRCM T H E  F L I G H T  C F  L U N I K  3 

A 63- 1 @ 3 7 2  

I N T E R P R E T A T I C N  ANC C E S I G N A T I O N  O F  T P E  F E A T U R F S  C F  
T H E  F A R  S I D E  C F  T H E  P C C h  AS S E E N  FRCM P H C T O C R A P t S  
T A K E N  FROM L U N I K  111 ~ 6 3 - 1 8 3 7 3  

S C H E P A T I C  CHART k t I C H  SHOWS Tt‘E O I S T R I B U T I O N  G F  
T H E  B R I G H T N E S S  OF 107 F E A T U R E S  ON T t E  V A R G I h A L  
V I S I B L E  S I D E  O F  T P E  MOON, A h @  O Y  I T S  F A R  S I C E ,  AS 
O E T E C T E C  B Y  PMOTCCRAPHS T A K E N  B Y  L U N I K  111 

A 6 3-  18  3 7 4  

S T R U C T U R E  OF T H E  F A R  S I C E  O F  T h E  MCON AS S U C G E S T E C  
B Y  PHCTCGRAPHS T A K E N  B Y  L U N I K  111 

A 6 3 -  1 8 3 7 5  

L U N A R  F A R  S I D E  O E S E R V A T I C h S  F O R  T H E  T H I R C  S O V I E T  
L U N A R  PROBE, I N C L U D I N G  A S C H E M A T I C  MAP 

A 6 4 -  1 2 6 3 4  

P H O T O G R A P H I C  T E C H N I Q U E S  F G R  E V P L U A T I C N  O F  R O C K E T  
O B S E R V A T I O N S  OF L U N A R  F A R  S I O E  B Y  T H I R D  S O V I E T  
L U N A R  PROBE 4 6 4 - 1 2 6 3 5  

L U N A R  F L I G H T  
U N P A N N E D  S C I E N T I F I C  P C C N  E X P L O R A T I C N  

N 6 2 -  12490 

L U N A k  t P L A K E T A R Y  E X P L C R A T I D Y  
N E 2 -  1 2 7 9 7  

RAh1;FR P R C J C C T  
ARS P A P E R - ? 4 9 3 - 6 2  N 6 2 - 1 4 4 ? 3  

C A R T C G R A P H I C  S L P P O R T  C F  L U N A R  M I S S I C N S  
ARS P A P E R - 2 4 7 4 - 6 2  h 6 2- 1 4 4  39 

M E A S U R E P E N T  CF THE LIJNAR PAGNETIC FIPLC ey  L U ~ I K  
I 1  S P A C E  F R C F E  A 6 3 - 1 2  l e ?  

P R O B L E M S  I Y V O L V E C  I N  M A h N E C  L U N A R  M I S S I C N S I  
D I S C U S S I N G  T P E  R C L h C  T R I P  F L I G F T .  L U N A R  L A N C I l v G  
AND S C R F B C E  G P i P h T I C N S .  C R € k  S L A V I V L I L  ANC A B C R T  
T E C t - N I G L E S  8 6 3 - 2 3 4 3 6  

L U N A R  L A N O I N G  
U N P A N N E D  S C I t h T I F I C  ::CC”. k X ? L S n A T I C N  

h 6 2 - 1 2 4 9 0  

C R E h  S A F E T Y  & S U R V I V A L  A S P C C T S  CF L U U A R  L A N C I N G  
N 6 2 - 1 2 9 6 6  

S E I S M C M E T E R  F O R  RA’JGER LUal l rR L A N D I N G  
N 6 2 - 1 3 6 6 1  

MAN-TO-MCON A N 0  R E T U R N  M I S S I O N  U T I L I Z I N G  L U N A 9  
S U R F A C E  R E N O E Z V C U S  
A Q  5 

L U N A R  S U R F A C E  MCOEL FCR E N G I N E E R I N G  P U R P C S E S  
A R S  P A P  €17-2475-6  2 N 6 2 - 1 4 4 4 5  

S T A T I S T I C A L  P R C P E R T I E S  CF MICROWAVE F I F L C S  N E A R  AN 
I R A E G U L A R  R E F L E C T I N G  S U K F A C E  W I T H  A P P L : C A T : O X  T!! 
S C F T  L U N A R  L A N D I N G  
R b Z E L S - 4 2  

P A ?  [: R- 2 4 79- 62 N 6 2 - 1 4 4 3 4  

N h 2 - 1 7 9 4 0  

L U N A R  S U R F A C E  C H A R A C T E R I S T I C S  - ATMCSPHEREI  
S U R F A C E  M A T E R I A L .  F E A T U R E S .  ROUGHNESSI T E M P E R A T U R E  
A N 0  L A N C I N G  S I T E  
N A S A - C R - 5 C B S O  N 6 3 - 2 0 2 4 6  

TOUCHOOWN D Y N A P I C S  A N A L Y S I S  O F  S P A C E C R A F T  F O R  S C F T  
L U h A R  L A h O I N G  
N A S A-TN-0-  2 00 1 

I N V E S T I G A T I C N  C F  THt V I S U A L  9 E Q U I R E M E N T S  F C R  
L A N O I h C  A S P A C E C R A F T  C N  T P E  MOON AND S U B S E C U E h T L Y  
A C H I E V I N G  R E N D E L V O U S  h I T H  A COMPANC M O C U L E  I N  
O R B I T  

D Y N A M I C  A N A L Y S I S  G F  A S U C C E S S F U L  L A N D I N G  C F  A 
SPACE V E H I C L E  ON T H E  S U R F A C E  OF T H E  MOCN 

N 6 4 - 1 2  876 

4 63- 1 3 e  8 0 

4 6 3- 1 t 9 9 4  

L U N A R  ROUGF- A N 0  S C F T - L A N D I N G  U h M P Y N E O  S P A C E C R A F T  
F O R  G E C L C G I C  I Y V E S T I G A T I O N S  A 6 3 -  1 7 6 5 e  

E S T I M P T I N G  T H E  V E L O C I T Y  A N 0  S I Z E  O F  P A R T I C L E S  
B L O h N  A h A Y  B Y  R O C K E T  E X H A U S T  I M P I N G I N G  ON T H E  
S U R F A C E  C F  T H E  MOGN 
A I A A  P A P E R  63-199 A 6 3- 1 e 4 2  5 

T U M B L I N G  M O T I O N S  C F  V E H I C L E  L A h O I N C  C N  A S U R F A C E  

A 1 4 A  P A P E P  6 4 - 9 4  6 0 4 - 1 7 7 7 1  
T H A T  IS N C T  LEVEL,  SUCH A S  T H E  warn 

L U N A R  L I M B  
F L I C K E R I N G  C F  S T A R  I P A G E S  I h  T E L E S C C P E S  - 
E A R Y C E N T R I C  H I G H  R E L I E F  O F  L I M B  Z O N E  O F  MOON - 
S O L A R  D I F F R A C T I O N  S P E C T C G R A P h  
J P R S - 1 7 3 6 3  N 6 3 - 1 2 2 0 1  

E A R Y C E N T R I C  HILH R E L I E F  O F  L I M 6  Z O Y E  O F  
MOON N h  3- 12203 

M A P  OF L U N A R  L I P @  A P E A S  - P A R T  111 
N 6  3- 1 ‘1 0 9 0 

L U N A R  L O G I S T I C S  
L U N A R  L O G I S T I C  S C I Z N T I F I C  F A C I L I T Y  F O R  A P O L L O  
P R O J E C T  M I S S I O N S  N 6 4 -  13  136 

L U N A R  M A R E  
T E L E S C O P I C  A N 0  P H O T O i R A P H I C  D E S C R I P T I G N  C F  L U h F i l  

1-12 



M A R I A  AND H I G H L A N D  C R A T E R S  
N A S A - C R - 5 5 1 7 2  N 6 4 - 1 3 3 3 4  

P R E S E N T A T I C h  C F  A h Y P O T H E S I S  T C  E X P L A I N  T H E  
P R E O C M I N A N C E  O F  M A R I A  ON T H E  N E A R  S I C E  O F  T H E  
L U N A R  S U R F A C E  A 6 3 - 1 2 8 4 0  

U S E  C F  T H E  F R E C U E N C Y  O F  M E T E O R O I C  I M P A C T  A N 0  T H E  
T R A N S P O R T  O F  I M P A C T  D E B R I S  T O  T H E  i A R T H  F O R  T H E  
I N T E R P L A N E T A R Y  C C R Q E L P T I C N  O F  C-ECLCGIC T I M F  

b 6 3 -  1 7 6  2 6  

O R I G I N S  O F  L U N A R  M P R I A S  P Q O S E O  FROM D A T A  O F  T H E I R  
P t i Y S I C A L  ANC C H E M I C A L  C H A R A C T E R I S T I C S  

6 6 3 - 2 0 0 7 6  

C O M P A R I S O N  O F  T E R R E S T R I A L  O C E I N I C  R I D G E S  TO L U N A R  
W R I N K L E  /OR P A R E /  R I D G E S  A 6 3 -  2 2 2 2  5 

L U N A R  S U R F A C E  P C C C L S  b R E  U S E 0  I Y  T P E  S T A T I S T I C A L  
ANC T H E R P O M E C H A Y I C A L  S T U C Y  O F  T H E  S U R F A C E  GEOMETRY 
AND S O I L  S T R E N G T H  C F  T H E  L U N A R  M A R I A  

A 6  3 - 2  3 4  19 

T E h R E S T R I A L  AND L U N A R  O R I G I N  O F  T E K T I T E S  
E V A L U A T E O I  E M P h A S I Z I N G  M E T E O R I T E  I M P A C T  C N  THE 
L U N A R  MARE 8 6 4 - 1 0 3 8 7  

L U N A R  O B S E R V A T O R Y  
L U N A R  L C G I S T I C  S C I E N T I F I C  F A C I L I T Y  FOR A P O L L O  
P R O J E C T  P I S S I C N S  N 6 4 - 1 3  1 3 6  

L U N A R  O R B I T  
I N F R A R E C  S P E C T R A L  A N A L Y S I S  O F  L U N A R  S U R F A C E  FROM 
O R P I T I N G  S P A C E C R A F T  '46  3- 1 4 6  6 P 

L U N A R  O R B I T A L  R E N D E Z V O U S  / L O R /  
I N F R A R E D  I N S T R U M E N T A T I O N  F G R  T H E R M A L  P H O T O G R A P F Y  
O F  THE P C O h  N 6 2 - 1 0 1 2 3  

C A R T O G R A P H I C  S U P P O R T  O F  L U N A R  M I S S I O N S  
ARS P A P E R - 2 4 7 4 - 6 2  Y 6 2 - 1 4 4 3 9  

A S E E I f r G  M C N I T O Q  FOR A S T R O N O M I C A L  P H O T O G R A P H Y  
A F C R L - 6 2 - 3 1 8  N 6 2 -  1 5 6 2 1  

L U N A R  PROGRAM 
R O L E  O F  P R C J E C T  RANGER I N  T H E  N A S A  L U N P R  PROGRAM 
A R S 

U T I L I Z P T I C N  C F  L U N A R  S U R F A C E  R E S O U R C E S  - L U N A R  
PROGRAMS. H Y D R O P O N I C S ,  WATER A N D  O X Y G E N  S U P P L I E S  

P A P  E R- 2 2 36 -6 1 N 6 2 - 1 3 4 6 8  

N 6 3- 149 8 4 

L U N A R  R A Y  
M A P P I N G  C F  P H Y S I O G R A P H I C  D I V I S I C N S .  P H O T O G E O L O G I C  
F E A T U R E S  AND L U N A R  R A Y S  O F  L U N A R  S U R F A C E  

N 6 2 - 1 0 4 3 4  

I N F R A R E D  ASTRONOMY O F  MOON - L U N A R  R A Y  C R A T E R S  AND 
S U R F A C E  T E P P E R A T U R E  
A F C R L - 6 3 - 4 5 9  N 6 3 - 1 6 5 1 3  

V I S U A L  AND P H C T C G R I P H I C  M E A S U R E M E N T S  OF T H E  C D L C R  
O F  S E V E R A L  B R I G H T  R A Y S  ON T H E  L U N A R  S U R F A C E  

1 6 3 - 1 8 4 0 6  

L U N A R  SHADOW 
L U N A R  T O P O G R A P H Y  - L U N A R  SHAOOWv L U N A R  CRATER,  
M I C R O D E N S I T O M E T E R  M E A S U R E M E N T  

N 6 3 - 1 4 8 5 5  

SOURCES O F  ERROR I N  T H E  M E A S U R E M E N T  O F  A L U N A R  
S H A D O W  B y  P P C T C G R A P H S  PND A MICRODENSITOMETER 

A 6 3 - 1 2  166 

C G Y P A R I S O N  C F  P h O T O G R A P H I C  AND V I S U A L  MEPSUREMENTS 
O F  A L U Y A R  SHAGCW C A S T  B Y  A S T R A I G H T  WALL 
ANC D E T E R M I N A T I O Y  OF L U N A R  A L T I T U O E S  

A 6 3 - 1 2 1 6 7  

L U N A R  S U R F A C E  V E H I C L E  
L U h A R  S b R F A C E  V t H I C L k  P E R F O & M A N C E  

Y 6 3 - 1 4 9 8 5  

P A R P P E T R I C  A h A L Y S I S  O F  PCWER S U P P L I E S  FOR AN 
U h M A N N E O  L U N A R  V E H I C L E  ON A 100 F A R T H - D A Y  M I S S I O N  

AND A MANNED ONE ON A 7 E A R T H - D A Y  M I S S I O N  
ARS P A P E R  6 2 - 2 5 2 5  

S T U D Y  C F  V E H I C U L A R  M O B I L I T Y  ON THE L U N A R  S L R F A C E  
AYO D I S C U S S I O N  O F  €!ASIC MODES O F  C O N T R C ' L L E C  
L O C C M C T I O N  4 6 3 - 1 3 3 4 2  

D E S I G h  C B J E C T I V E S  AND U N C E R L Y I N G  A S S U M P T I O h S  F O R  A 
F U R C T I O N A L  MANNEC L U N A R  E X P L O R A T I O N  V E h I C L E  

A 6 3 - 1 1 7 2 4  

A 6  3- 1 7 9  C; 4 

S I P U L A T I C N  T E S T S  O F  T H E  E F F E C T S  CF L U N A R  G R A V I T Y  
ON T H E  M c e I L I T Y  OF A VEHICLE A C R O S S  T H E  
C O H E S I O N L E S S  S U R F A C E ,  V A R Y I N G  S C I L  P A R P M C T E R S  

A 6  3-2 2 7 4 2  

L U N A R  T E M P E R A T U R E  D E T E R M I N A T I O N  
ERRORS I N  I N T E R P R E T I N G  L U N A R  S U R F A C E  T E M P E R A T U R E  
D A T A  O B T A I N E D  B Y  I N S T R U P E N T S  A B O V E  E A R T H  
A T P O S P H E R E  N 6 3 - 1 4 4 9 1  

L U N A R  T E M P E R A T U R E  D E T E R M I N A T I O N  D U R I N G  L U N A R  
N I G H T T I M E  
N A S A - C R - 5 0 1 4 8  N 6 3 - 1 7 1 3 3  

M E A S U R E M E N T S  O F  L U N A R  T E M P E R A T U R E  V A R I 4 T I O i d S  
D U R I N G  E C L I P S E  AND NORMAL L U N A T I O N  A N 0  I S O T H E R M A L  
M A P S  OF S E L E C T E D  C R A T E R S  Y 6 3 - 2 1 6 2 1  

L U N A R  T E M P E R A T U R E S .  S U R F A C E  R A D I O A C T I V I T Y I  A N 0  
S O I L  P E C H A N I C S  
S M - 4 3 5 4 4  N 6 3 - 2 3 3 4 1  

ERRORS I N  M E A S U R E M E N T  C F  T E M P E R A T U R E  O F  T H E  MOCN 
6 6 3 - 1 0 9 0 2  

T E M P E R A T U R E  C B S E R V A T I O N S  OF T H E  L U N A R  C R A T E R  TYCHO 
D U R I N G  A T O T A L  E C L I P S E  A 6 3 - 1 8 4 1 5  

T E M P E R A T U R E  C I S T R I E ! U T I O N  F U N C T I O N  OVER T H E  L U N A R  

A L U N A T I O N  A 6  3-2 2 20 5 
S U R F A C E  B y  CALCULATION OF THE H E A T  BALANCE DURING 

L U N I K  I 1  L U N A R  P R G B E  
M E A S U R E P E N T  OF T H E  L U N A R  M A G N E T I C  F I E L D  B Y  L U N I K  
I 1  S P A C E  P R C B E  4 6 3 - 1 3 7 8 3  

L U N I K  I11 L U N A R  P R O B E  
A T L A S  OF T h E  F A R  S I D E  O F  T h E  POCN 

A 6 3 - 1 0 2 6 3  

I N F C R M A T I C N  L E A R N E D  C O N C E R N I N G  T H E  R E V E R S E  S I 0 5  O F  
T H E  MOCN FRCM T b E  F L I G H T  O F  L U N I K  3 

A 6 3 - 1 8 3 7 2  

I N T E R P R E T A T I O N  ANC D E S I G N A T I O N  O F  T H E  F E A T U R E S  C F  
T H E  F A R  S I D E  G F  T H E  MOGN A S  S E E N  FROM P H O T O G R A P P S  
T A K E N  FRGM L U N I K  I 11  A 6 3 - 1 8 3 7 3  

S C H E M A T I C  C H A R T  W H I C H  SPOWS T H E  D I S T R I B U T I O N  O F  
T H E  B R I G H T N E S S  O F  107 F E A T U R E S  C N  T H E  M A R G I N A L  
V I S I B L E  S I C €  O F  T H E  MOON, AND C N  I T S  F A R  S I C E .  AS 
O E T E C T E C  B Y  PHOTOGRAPHS T A K E N  B y  LUNIK 111 

A63-18374 

S T R U C T U R E  C F  T H E  F A R  S I D E  O F  T P E  MOON A S  S U G G E S T E C  
B Y  P H C T C G R A P H S  T A K E N  e y  LUNIK 111 

A 6 3 - 1 6 2 3 7 5  

L Y M A N  A L P H A  R A D I A T I O N  
L Y C A N - P L P P A  A V C  T H E  L U N A R  L I M P  
G C A - T R - 6 2 - 1 3 - A  '4 62- 1 6  7 3 C 

M 
M A C M A  -. - 

P A S M A T I T  B C l L l N G  P N D  l JYnERG2OlJNn C T R l l C T I l R F  O F  T H E  
MCCN N 6 2 - 1 5 7 4 4  

M A G N E T I C  STORM 
M A G N E T I C  D I S T U R B A N C E S  I N  L U N A R  S E L E N O M A G N E T I C  ANC 
G E O M A G N E T I C  STORMS - P L A S M A  WAVE S T U D Y  
N A S A - C R - 5 5 4 3 3  N 64- 1 4 3 4 1 

1 - 1 3  



M A G N E T I C  S U S C E P T I B I L I T Y  
M U L T I C C I L  I h O U C T I C R  P E A S U R E M E N T S  O F  L U N A R  S U R F A C E  
A N 0  SUBSURFACE M A G N E T I C  S U S C E P T I B I L I T Y  
N A S A - C Q - 5 0 5 7 8  "153-1 8 4 2 2  

I N S T R U P E h T P T I C N  FCR M U L T I C C I L  I N C U C T I C N  
M E A S U R E M E N T  OF T h E  L U Y A R  S U R F A C E  A N 0  S U S S U R F A C E  
M A G N E T I C  S U S C E P T I B I L I T Y  6 6 3 - 1 2 6 2 7  

MANNED S P A C E  F L I G H T  
H A Z A R C  i F  PROTON-INCUCEO I O N O S P H E R I C  R A D I A T I O N  T O  
S P A C E  F L I G H T  S A F E T Y  ~ 6 3 - 1 0 7 7 5  

MANNED S P A C E C R A F T  
CREW S A F E T Y  & S U R V I V A L  A S P E C T S  O F  L U N A R  L A N O I h G  

N S Z -  1 2  8 6  6 

PAN-TC-MCCh A i lD  R E T U R N  M I S S I C Y  U T I L I Z I N G  L L N A R  
S U R F A C E  RENOEZVOUS 
ARS P A P E R - 2 4 7 9 - 6 2  N 6 2 -  1 4 4  3 4 

L U N A R  SURFACE B A L L I S T I C S ,  H A Z A R O S  O F  S P A C E C R A F T  
L A N D I N G  OR L A b N C H I N G .  P A R T I C L E S  - E X H A U S T  G A S E S  
N A S A - T N - 0 - 1 5 2 6  N 6 3 - 1 3 5  1 5  

MANNED LUNAR F L I G P T  - L U N A R  S P A C E C R A F T ,  
P H Y S I O L @ G I C A L  A S P E C T S ,  L U N A R  E N V I R O N M E N T  

N 6 3 - 2 2 8 4 1  

O E S C R I P T I O N  OF T E S T  F A C I L I T I E S  U S E D  T O  D E V E L O P  
M A N N E D  S P A C E C R A F T  863- 13334 

F A C T O R S  TO BE CCSNSICEREC I N  P L A h h I N G  P E R M A N E N T  
M A N N E D  B A S E S  ON THE MCOh. W I T H  P A R T I C U L A R  E F L P P A S I S  
ON S H E L T E R  C E S I C N  A N 0  C O N S T R U C T I O N  

A 6 3 - 1 7 9 C 3  

D E S I G N  O B J E C T I V E S  A N 0  L N O E R L Y I N C  A S S U M P T I O N S  F C R  A 
F U N C T I C N A L  P A N h E C  L U N A R  E X P L O R A T I O N  V E H I C L E  

A 6 3 - 1 7 9 C 4  

A P P L I C A T I O N  CF G E O S C I E N C E S  TO P A N N E D  L U N A R  
E X P L O R A T I C N ,  I N  TERMS 3 F  T E R R A I N ,  ROCKS, k I Y E R A L S .  
P O k E R  A N 0  TCOLS 4 6 3 - 1 8 3 S C  

P R C e L E M S  I N V C L V E O  I N  M A N N E C  L U N A R  M I S S I O N S ,  
D I S C U S S I N G  THE ROUNO T R I P  F L I G H T .  L U N A R  L A Y O I N G  
A N 0  S U R F A C E  C P E R A T I O i ~ S .  CR€W S U R V I V A L  ANC P B O R T  
T E C H h I C U E S  4 6 3 - 2 3 4 3 6  

M A P  
A T L A S  C F  THE F A R  S I D E  OF T H E  MOON 

N 6  2- 1 0  17 C 

M A P P I N C  C F  P h Y S I C G R A P h I C  C I V I S I O N S v  P H C T C C L O L O G I C  
F E A T U R E S  A h 0  L U N A R  R A Y S  C F  L U Y A ?  S U R F A C E  

146 2- 1 C 4  3 4 

O R I E h T A T I O N  C O L R D I N A T t S  I h  A S T R C N O M I C A L  M A P S  
Y b Z - 1 2 8 9 8  

C A R T C C R A P H I C  S U P P O R T  C F  L U N A R  H I S S I C N S  
ARS P C P E R - 2 4 7 4 - 6 2  Y 6  2- I 4 4 3  9 

L U N A R  SURFACE M A P P I N G  P H O T C G R A P H Y  
N 6 2 -  1 5 7 4  3 

H Y P S C M E T R I C  L U N A R  P A P  
A I C-6 2-12 3 

MAP O F  MCCN - 1 0 0 - I N C h  R E P R C D U C T I O N  

N t 2 -  16  1 @ C 

Y 6 2 - 1 7 6 6 2  

T h E  MCCR - S E L E N C G R A P H I C  C H A R T  
Y t  2- 1 7 6 6  3 

C O M P U T P T I C N  OF S E L E N O G R A P H I C  C O O R D I N A T E S  OF 
P H O T O G R P P H S  U S I N G  C C N I C  P A O J E C T I O N  

N 6  3- 1 204 1 

L U N A R  

F L I C K E R I N G  OF S T A R  I M A G E S  I N  TELE' iCCPES - 
B A R Y C E N T R I C  H I G H  R E L I E F  O F  LIME? ZONE O F  MCCN - 
S 0 L AR 0 1 F F R AC T I O N S P E C T 0 G il A P H 
J P R S - 1 7 3 6 3  N 6 3 - 1 2 2 0 1  

B A R Y C E N T R I C  H I G H  R E L I E F  O F  L I Y B  ZONE O F  
MCCN N t 3 - 1 2 2 0 3  

L U N A R  n A P P I N G  - C A T A L C G  C F  S E L k Y O S P A P H I C  
C O O R D I N A T E S  OF L U N A R  C R A T E R S  Y 6 3 - 1 2 3 5 3  

P H 2 T C . Y E T R I C  S T U D Y  OF A S T E R U I O ,  LL'UAD. " ' A D ,  

S P E C T R O P H O T O M E T R Y  GF S T A R S  A N 0  P L A N E T S ,  ANC 
A S T R O N C M I C A L  P H O T O M E T R Y  N 6 3 - 1 5 0 7 7  

MAP OF L U N A R  L IME!  A R E A S  - P A R T  I 1 1  
'u6 3- 1 5 0  8C 

L U N A R  S E L E N O G R A P H Y  - R E O E T E R M I N A T l O h  C F  L I B R A T I O N  
C O N S T A N T S ,  L U N A R  S P H E R I C I T Y  M E A S U R E M E N T S t  
M I C R O R E L I E F  P H O T O I N T E R P R E T A T I O N  
A F C  R L - 6 3 - 4  C 6  

TW@ N O N C C N F L I C T I N G  C O N V E N T I O N S  D E F I N E 0  F O R  L U N A R  
A N 0  P L A N E T A R Y  R E F E R E N C E  C O O R D I N A T E S  - A S T R C N O M I C A L  
V E R S U S  A S T 9 0 N A U T I C A L  M A P S  A N 0  C H A R T S  
J P L - T M - 3 3 - 7 2  N 6 3 - 1 5 9  1 5  

F E A S I B I L I T Y  O F  REMOTE C O M P C S I T I O N A L  M A P P I N G  O F  
L U N A R  S U R F A C E  B Y  M E A S U R E M E N T  OF S P E C T S A L  
E M I S S I V I T Y  C U R V E S  
N A S A - C R - 5 0  5 4 4  

N 6 3 -  1 5 2 2  3 

Y 63- 1 8 4  1 5  

S I B L I C G K A P H Y  OF S O V I E T  B L O C  L I T E R A T U R E  - L U N A R  
O I M E N S I C N S .  1957 T O  1963 
A I D - 6 - 6 3 - 1 C O  N 6 3 -  1 9 3 5 4  

M A P S  & D A T A  F O R  D I S C E R N I B L E  C R A T E R S  I N  F I R S T  L U N A R  
QUADRANT - L U N A R  S U R F A C E  S T U D Y  
N A S A-C R-5 2 40 1 

PRCBLEFLS E N C O U N T E R E D  I N  M A P P I N G  L U N A R  S U R F A C E  

N 6 4 - l d 3 7 4  

N 6 4 - 1 5 2 8 5  

M E T H C C S  U S E D  F O R  C R A N I N G  U P  C H A R T S  C F  T H E  L U N A R  
M A R G I N A L  ZCNEI B A S E D  ON 7 C C  P H O T O G R A P H S  T A K E N  C N  
503 Y I G H T S  A 6 3 - 1 8 3 7 0  

O E T E R M I N I N C  T H E  H C R I Z C N T A L  A N 0  V E s T I C A L  C C N T R O L  
P O I N T S  F O R  L U N A R  H A P P I N G  A 6 3 - 1 8 3 E 4  

M E T H C D  USt@ I h  T H E  P R C C U C T I O N  C F  A L A R G E - S C A L k  
P H C T C G R A P H I C  P A P  C F  T H E  MCCY A 6 3 -  1 8 3 8 5  

P R C O U C T I G N  @ F  A O N E  M I L L I C N  T O  O N E  CM S C P L E  C H A R T  
C F  T P E  P C C N  K h C k N  P S  A K E F L E 9  C P A i l T  

A E 3- 1 e 3e 6 

L U h A R  C A R T O G R A P H Y  A D V 4 h C E S  N O T I N G  V A R I C U S  
D H C T C G R A P H I C  A T L A S E S  A N 0  A N  A I R  F O R C E  t 'dPPI i \ IG 
PRCGRAM 6 6 3 - 1 9 9 7 5  

P C C N  A T L A S  h I T h  MAPS, PHOTOGRAPHS C F  P R O G R E S S I V E  
P H A S E S .  G A Z E T T E E R  A N 0  A C F S C R I P T I V E  T c X T  FOR U S E  
I\ LL"IR S U R F A C t  F C R P b T I C h S  4 6 3 - 2 1 3 8 4  

b.S. A I R  FORCE PROCRAM F O R  P R O C U C I Y G  YAPS.  C H A R T S  
ANC P H C T C b P A P H S  C F  Tt-E MOCN AS A I D S  T O  L U N A R  
E Y P L C R A T I C N  P R C J E C T S  A t  3 - 2  3 4 2 0  

L U ~ A P  F A R  SIDE CSSERVATIONS F O R  T H E  THIRD S O V I E T  
L U N A R  P R C B E t  I N C L U D I N G  A 5 C H E V A T I C  M A P  

A b 4 -  1 2 6  34 

P H C T O G R A P H I C  T E C H Y I G U E S  F O R  E V A L U A T I @ N  O F  R O C K t T  
0 6 S E R V A T I C h S  C F  L U N A R  F A A  S I O E  @ Y  T H I R D  S O V I E T  
L U N A R  P R C B E  A 6 4 -  12635 

N A P P I N G  
A T L A S  C F  T P L  F A R  S I O E  O F  T k E  MOON 

'4 6 L -  1 C 1 7 C  

T C P C G R A P H I C  L U N A R  P A P P I N G  \ 6 2 - 1 C 2 C 5  

M A R I N E R  PROGRAM 
S P A C E  PRCGRAMS SUMMARY NO. 37-15 - VOL. 6 ,  
MAR-JbNE 1962 - S P A C E  E X P L O R A T I @ N  P R O G R A P S  
t S P A C E  S C I E l C t S  

h i6  2- 139 1 4  J P L - S P S - 3 7 - 1 5 .  V O L -  V I  

P A R S  / P L A N E T /  
T H E  P H Y S I C A L  P R O P E R T I E S  O F  T r ?  MCON AI43 P L L N E T S  
R M - 3 C 2 2 - J P L  

P H Y S I C A L  F R C P E R T I E S  O F  T P E  MOCN t P L P N F T S  
R M - 2 8 1 7 - J P L  

N 6 2- 1 C 4 C 4  

Y 6  2- 1 36 3 3 

I- 14 



P L A N E T A R Y  P H O T C G R A P P V  - M U L T I C C L O R  P H O T C P E T R Y  O F  
THE M C C N t  MARS, VENUS, AND O T H E R  P L P N E T S  

N 6 3 - 1 6 2 4 6  

M A S S  
C E N T E R  OF MASS O F  MOON P R E C I S E L Y  O E T E R M I ~ r E O  FRCM 
P H C T C G R A P H I C  O B S E R V A T I O N S  
MH T R A N S L - 4 0 1  N 6 4 - 1 5 1 9 6  

M A T E R I A L  T E S T I N G  
S T A T I C  @ C A R I N G  C A P A C I T Y  O F  ROCK POWDER E V A L U A T E C  
I h  A I R  ANC b I G h  VACUUM I N  S T U D Y  C F  P R O P E R T I E S  O F  
L U N A R  S C R F P C E  A 6 4 -  1 3  1 3  5 

M A T E R I A L S  S C I E N C E  
T H E R M A L  P R C P E R T I E S  O F  S I M U L A T E D  L U N A Q  M A T E R I A L S  I N  
A I R  AND I N  A VACUUM 6 6 3 - 1 7 9 7 0  

M E T A L  
%KEELS F C R  L i j N A R  LGCOi-'C::CN 
I A S  P A P E H - 6 2 - 1 3 5  N 6 . Z - 1 2 3 4 4  

S P U T T E R I N G  E F F E C T S  ON L U N A R  S U R F A C E  - M E T A L L I C  
E N R I C H M E N T  & A L B E D O  
Y A S A-C R-5 2 534 N 64- 106: 5 

METEOR 
S I M U L A T I O N  O F  L U N A R  L U M I N E S C E N C E  - U L T R A V I C L E T  AND 
P R O T O N  E X C I T A T I O N  OF T E K T I T E  & M E T E C R I C  P A T E R I A L  
A F C R L - 6 2 - 1 0 9 9  N 5 3 - 1 1 0 1 7  

METEOR S L A G  
M E T E O R - S L A E  T H E C R Y  C O N C F R N I N G  T h E  C l I G I N  O F  T H E  
L U N A R  S U R F A C E  L A V E R  B A S E 0  ON C B S E R V E C  0 A T 4  

A 6 3 - 1 8 4 C 3  

R E T E C R I T E  
L U N A R  I N V k S T I G A T I C N S  A X 0  C E T Z O R I T I :  R E S E h R C t  

uti- 1 c :2c 

D E N S I T Y  A N D  M A S S  D I S T R I R U T I O N  O F  : I E T E G R I T E C  N E P R  
T H E  E P R T H S  C R B I T  2162- 1 C E O 4  

L U N A R  S E I S V G L C G V  
J P L - T R - 3 2 - 3 2 e  Y 6 2 - 1 5  11 5 

E V C L L T I P h  CF L C N A V  S U R F b C E  F O R C A T I C \ S  
A I C - 6 2 - 1 2 2  N t 2 - l t P e 4  

I M P A C T S  ON T H E  E A R T H  A N 0  MOCN - M E T E O R I T E S ,  COMETS 
AND A S T E R C I O S  N 6 3 - 1 2 0 7 1  

P R E S E N T A T I C N  C F  THE T H E S I S  T H A T  G I A N T  Y C T E u R I T E  
I P P A C T S  A R E  C A P A B L E  O F  O I S T U R B I N G  T H E  E A R T H S  
P O L A R  A X I S  6 6 3 - 1 2 0 8 8  

THEORY CF T H E  L H I G I N  A h 0  E V O L U T I O Y  O F  T H E  S C L A R  
S Y S T E M  H A S E D  C N  A S T U C Y  C F  V A R I C U S  P R O P E R T I E S  C F  
T H E  MOCN ANC O T H E R  B O C I E S  I N  T H E  S O L A R  S Y S T E M  

A 6 3 - 1 3 8 t 6  

M E T E O R I T E  C C L L I S I O N  
U S E  O F  T H E  F R E C C E N C Y  C F  M E T E O R C I C  I M P A C T  A N 0  T P E  
T R A N S P O R T  C F  I P t F A C T  D E B R I S  TO T P E  E A R T H  F O R  T H E  
I N T E R P L A N E T A R Y  C O R R E L A T I O N  O F  G E O L O G I C  T I M E  

6 6 3 - 1 7 6 2 6  

T E R R E S T R I A L  A N 0  L U Y A R  O R I G I N  CIF T E K T I T E S  
E V A L U A T E G ,  E N P k A S I Z I Y G  t J , E T E C * I T E  I N P A C T  C Y  THE 
L U N A R  P A R E  A 64- i o  3 e7 

M E T E O R I T E  D E N S I T Y  
D E H S I T V  ANC P A S S  O I S T R I R U T I O N  C F  P E T E C R I T E S  N E A R  
T H E  E A R T H S  O R E I T  N 6 2 - 1 0 8 0 4  

M E T E O R I T I C  C R A T E R  
L U N A R  GEOLOGY - S T R A T I G R A P H Y ,  M E T E O R I T I C  C R A T E R S  
A I A A  P A F E R - 6 3 - 2 5 4  N 6 3 -  1834 3 

E X T R A T C R R C S T R I A L  R E S E A R C H  - 8 1 8 L i C G R A P t I Y  - 
A S T R O R I C L C G Y I  ASTRCNCMY,  CCSHCLCGYI  L U h A R  
T R A J E C T C R I E S .  A N C  P E T E O R I T I C  C R A T E R I N G  
A W F L - R T O - T O R - 6 3 - 3 0 2 5  N 6  3- 18  7 7 8  

F O R M A T I C N  O F  C R A T E R S  I N  T H E  L U k A R  S U R F A C E  R Y  
METEOR I R P A C T  N 6 3 - 1 8 9 2 1  

BOOK T R E A T S  T H E  E V O L U T I C N  C F  T H E  PEON, A N A L Y S E S  
T H E  M E 4 N I N G  O F  I T S  S U R F A C E  M A R K I N G S  ANC L I N K S  
T H E M  N I T H  T H O S E  OF T H E  E A R T h  

U S E  O F  T H E  F R E C U E N C V  C F  M E T E O R O I D  I H P A C T  A N 0  T H E  
T R A N S ? O R T  3F I M P b C T  D E B R I S  T O  T H E  E A R T H  F C R  T H E  
I N T E R P L A N E T P R Y  C C R R E L A T I O N  C F  G E O L O G I C  T I P €  

6 6 3 - 1 3 2 4 1  

8 6 3 - 1 7 6 2 6  

R E V I E h  CF T H E  I h F C R M A T I C N  Ah0 h V P O T b E S E S  A D V 4 Y C E D  
OW T H E  N A T U R E  O F  T H E  L U N A R  S U R F A C E  

6 6 3 - 1  8 1  3 3  

S U G G E S T I O N  T H A T  T H E  O I S T R I B U T I G N  O F  T H E  C R A T E R S  
OVER T H E  E A S T E R N  ANC WESTERN H A L V E S  O F  T H E  P O C N  
D O E S  N O T  S b P P C R T  T H E  M E T E C R I T I C  H Y P C T P E S I S  C F  
T H E I R  O P I G I N  

THEORY C O N C E R N I N G  T h E  F C R M A T I C N  O F  L U N A R  C R A T E R S  
AND R A I G H T  R A Y S  A 5  A R i Z I U L T  LiF M E T E C R I T E ;  I V P A C T Z  

P 6 3 - 1 8  3 9  1 

4 6 3 - 1 8 4 0 n  

L U N 4 R  C R l T C R  c C P V A T I C N  B A S E C  C N  E X P E R I M E N T '  
I N V O L V I N G  M E T E t J R I T I C  I M P A C T  S I P U L A T I O N  

A63- 1 8 4 0 9  

POWDEREC-ROCK T H F C P Y  O F  L U N A R  S U R F A C E  P A T C R I A L ,  
P R O P O S I N S  T H A T  T P t  S U R F A C E  I S  COMPCSEC C F  A M A T  O F  
N E E D L E  C R Y S T 4 L S  Q ~ S L I L T I N G  FRCM I M P A C T  PP'FNCMENA 

6 6 3 - 2 3 6 4 3  

M E T E O R I T I C  DAMAGE 
F R A G M E U T S  E J E C T E P  F S O M  L U N A q  S U R F A C E  B Y  P C T E 0 R i ) I D  
I M P A C T  A N A L V Z E C  CN H A S I S  OF S T U D I E S  O F  
H V P E R V E L O C I T Y  I M P A C T  I N  ROCK A N 0  S A N D  
N A S A - T N - 0 - 1 7 6 7  N 6 3 - 1 4 5 8 7  

M E T E O R I T I C  M I C R O S T R U C T U R E  
C C N T R C L L E D  T E C P F R A T L R E - P R E S S U R E  F X P E R I t J E h T S  W I T P  
I G N E O U S  M E T E C R I T E S  P R C V I O E S  L I P I T E C  D A T b  C Y  L U N A R  
S O I L  
A S T P  P A P E R  1 7 5  6 6 3 - 2 0 6 1 6  

M E T E O R O I D  H A Z A R D  
P E Y E T R A T I C N  OF S P A C E C R A F T  B Y  S E C O N C A R Y  P E T E C 9 U I C S  
G E N E R A T E D  A T  T H F  L U h A R  S U R F A C E  I S  SPOkN.  @ V  
K I X E T I C  ENERGY ARGbPENT.  N C T  TO R E  A P P R E C I A B L Y  
L A R G E R  T H A N  I N  D E E P  S P A C E  A 6 3 - 2 3 7 9 1  

S P E C T R U M  C F  M A S S E S  A N D  S I Z E S  O F  M E T E O R O I D  F L U X  I N  
C I S L U N A R  S P A C E  AND ON L U N A R  S U R F A C E  
A I P A  P A P E R  6 4 - 6 3  ~ 6 4 - 1 2 9  l a  

K E T E O R O L O G Y  
S C V I E T - B L O C  R E S E A R C H  I N  G E O P H Y S I C S I  ASTRONOMY. A N 0  
S P A C F  S C I E N C E S  /hC. 36 /  1952 
J P R S - 1 3 9 3 1  N 6 2 - 1 7 7 6 2  

S O V I E T  B L C C  R E S E A R C H  I N  G E C P H Y S I C S I  A S T R C X C M Y s  AND 
S P A C E  S C I E N C E S  /hC.  46/  1962 
J P R S - 1 5 9 7 6  N t  2- 1 7  8 8 4  

S O V I E T - B L O C  R E S E A R C H  I N  G E C P H Y S I C S .  4STRONOMV. A N D  
S P A C E  S C I E N C E S  /NC. 2 9 /  1962 
J P R S - 1 2 4 4 5  N 6 3 -  11 0 1 3  

M E T H A N E  
L I F E T I M E S  OF I C E S  OF COMMON V O L A T I L E S  /WATER,  
C A R B O h  O I O X I O E t  M k T H A N E /  I N  S O L A R  S Y S T E M  

263- 1670 2 

M I C R O D E N S I T O M E T E R  
L U N A R  TOPOGRAPHY - L U N A R  SHADOW, L U N A R  C R A T E R ,  
M I C R O D E N S I T O M E T E R  MEASUREMENT 

N 6 3 - 1 4 8 5 5  

M I C R O M E T E O R I T E  
S P U T T E R I N G  E F F E C T S  ON L U N A R  S U R F A C E  - S O L A R  W I N O  
A N 0  M I C R O M E T E O R I T E S  N 6 3 -  1 5 8 0  5 

M I C R O S T R U C T U R E  
R E S U L T S  O F  P A I R E C  CCPPPAR!SCNS OF B R I G H T N E S S  I N  
L U N A R  A R E A S  I N  CRCER T O  STUCY I H E  MCONS 
P I C R C R E L ! E F  A 6 3 - 1 9 4 C 4  

M I C R O Y A V E  
S T A T I S T I C A L  P R C P E R T I E S  OF M I C R C W l l V E  F I E L D S  N E A R  AN 
I R R E G U L A R  R E F L E C T I K S  S U R F A C E  H I T P  A P P L I C A T I O N  T O  

I- 15 



S O F T  L U N A R  L A N C I N G  
R 6 2 E L S - 4 2  N 6 2 - 1 7 9 4 0  

M I N E R A L  
E V A L U A T I C N  CF I N F R A R F C  S P E C T R C P H C T C H E T R Y  F O R  
C O M P C 5 I T I O N A L  A N A L Y S E S  O F  L U N P R  & P L B N E T A K Y  S O I L S  

N 6 2 -  1 4 6 4  1 

E X P E R I P E h T S  R E L A T I h G  T O  T k E  L U h D R  S U R E A C E  - 
P H C T C P E T R Y  - P R C T O h  B C P B A R C M E N T  C F  P I Y E R A L S  
C R S R - 1 2 7  N 6 2 -  1 4 7 7  5 

O X Y G E N  S U P P L Y  F R O M  S P A C E  M I N E R A L S  FGR P E R S C N N E L  
S U P P O R T  V 6 3 - 1 5 2 7 0  

A N A L Y S I S  OF R O C K S  A N 0  M I N E R A L S  B Y  R E F L E C T E C  
I N F R A R E D  R A O I A T I O N  N 6 3 - 1 6 1 8 9  

M I N E R A L O G Y  
M I N E R A L O G I C A L  S A T E L L I T E  - M A P P I N G  O F  M I N E R A L O G Y  E 
T E M P E R A T U R E  OF L U N A R  S U R F A C E  BY REMOTE I N F R A R E D  
S P E C T R A L  M EA SUR E M  E N T S  N 6 4 -  1 2 3 5  1 

A P P L I C A T I C N  CF G E C S C I E N C E S  TO MANNEC L U N A R  
E X P L O R A T I C Y ,  I N  TERPS OF T E R R A I N ,  RCCKS.  M I N E R A L S ,  
POWEk A N D  TOLLS A 6 3 - 1  E 3 9 C  

M I R R O R  
O P T I C S  D E V E L O P M E N T  F O R  4 3 - I N C H  LUhiAR T E L E S C O P E ,  
P Y R O M E T E R  CEVELOPMENT FOR L U N A R  T E M P E R A T U Q E  
ME AS U R E- #E N 1 
A F C R L - 6 2 - 1 1 0 0  N 6 3 -  1 10 18 

M I S S I O N  P L A N N I N G  
P R O B L E M S  I N V C L V E C  I h  N A N N E C  L U k A R  M I S S I C h S ,  
O I S C U S S I N G  THE R O U h C  T R I P  F L I G N T ,  L U N A R  L A Y C I N G  
AND S U ? F A C E  C P E R A T I C N S ,  CREW S U R L ' i V P L  ANC A a O R T  
T E C H N I P L E S  A 6  3-2 3 4 3 6  

M O N I T O R  
P C N I T C R I N i  C F  L U N A R  F5ASE ATMOSPHERES B Y  G A S  
C H  R 0 P A  T CG i l  A Pt'Y 

P S E E I N G  MCWITCR F C R  A S T R C N O M I C A L  P H C T C G K A P P Y  
A F C R L - 6 2 - 8 1 6  N 6 2 - 1 5 6 2 1  

Y 6 2 -  1 4 2  1 4  

MONOCHROMATOR 
S I M U L A T I O N  OF L U N A R  L U M I N E S C E N C E  - U L T Q A V I O L E T  AND 
P R O T O N  E X C I T A T I O N  OF T E K T I T E  E P E T t C R I C  P A T E R I n L  
A F C R L - 6 2 - 1 0 9 9  N 6  3- 1 10 1 7  

MORPHOLOGY 
' V I D E N C E  OF G i l A N I T I C  R O C K S  I N  L U N A R  C 2 U S T  FROY 
MORPHELOGY OF T H E  L U N A R  S U R F A C E  - T E K r I T E S  

Y 6 3 -  17 1 C 3 

N 
N A V I G A T I O N  

L Y M A N - A L P H A  AN0 T H E  L U N A R  L I P @  
G C A - T R - 6 2 - 1 3 - 4  N 6 2 - 1 6 7 3 0  

N A V I G A T I O N  ANC G U I D A N C E  
E A R T H  N A V I G A T I O N A L  M E T H O C S  E V A L U A T E C  I N  T E R M S  C F  
S C L A R  R A C I A T I C N .  METEORS, WEATHER. C U S T  AND 
T O P C G R A P h Y  FOUND OF; T H E  MOON A 6 3 - 2 3 4 7 5  

N E U T R O N  
E S T I M A T E  OF N E U T R O N  A L b E O O  ON POON S U R F A C E  D U E  T O  
C O S M I C  R A Y  BCMBAROMENT 
N Y C - 1 0 2 6 5  N 6  3- 164 59 

N E U T R O N  A C T I V A T I O N  
A N A L Y S I S  G F  L U N A R  S U R F A C E  C O M P O S I T I O N  B Y  F A S T  
N E U T R C N  A C T I V A T I C N  A N D  O T H E R  N U C L E A R  M E T H O C S  

A 6  3- 1 1 7 6  3 

N I G H T  
L U N A R  TEMPERATURE D E T E R M I N A T I O N  C U R I N G  L U N A R  
N I G H T T I M E  
N A S A - C R - 5 0 1 4 8  N 6 3 - 1 7 1 3 3  

N U C L E A R  R A D I A T I O N  
N U C L E A R  R A D I A T I O N  I N D U C E D  P Y  C O S M I C  R A Y S  ON T H E  
S C L I O  SURFACE C F  THE MCON CR T H E  P L A N E T S  

A63- 1 9 5 E  2 

0 
OCEANOGRAPHY 

S O V I E T - B L C C  R E S E A R C k  I N  G E O P H Y S I C S ,  ASTRONOMYI ANC 
S P A C E  S C I E N C E S  / h C .  36/  1 9 6 2  
J P R S - 1 3 9 3 1  N 6 2 -  17  762 

SOVIET e L c c  R E S E A R C P  IN GEOPHYSICS. A S T R C N O C Y .  AND 
S P A C E  S C I E N C E S  /NC. 4 6 /  1962 
J P R S - 1 5 9 7 6  N 6 2 - 1 7 8 8 4  

S O V I E T - G L O C  R E S E A X C H  I N  G F C P H Y S I C S .  ASTRCNCMY.  AND 
S P A C E  S C I E N C E S  /NO. 2 9 /  1962 
J P R S -  1 2 4 4 5  4 6 3 - 1 1 0 1 3  

C O M P A R I S O N  O F  T E R R E S T R I A L  C C E A N I C  R I D G E S  T C  L U N A R  
W R I h K L E  / C R  MARE/  R I D G E S  6 6 3 -  2 2 2 2  5 

O P T I C A L  I N S T R U M E N T  
O P T I C S  D E V E L C P P E N T  F O R  4 3 - I N C H  L U N A R  T E L E S C O P E i  
P Y R O M E T E R  D E V E L O P M E N T  FOR L U N A R  T E M P E R A T U R E  
M E P S U R E M E Y T  
A F C R L - 6 2 - 1 1 O C  N 6 3 - 1 1 0 1 8  

O P T I C A L  RAOAR 
O P T I C A L  E C P O E S  FROM T H E  L U N A R  S U R F A C E  ARE S T U D I E D  
AS AN E X A M P L E  O F  TI -€  U S E  O F  O P T I C A L  M A S E R S  I N  
RACAR C E V I C E S  F O R  S P A C E  R E S E A R C H  

A 6 3 - 2  1 4 5 7  

O P T I C A L  R E F L E C T I V I T Y  
P H C T O M E T R I C  S T U O Y  O F  T H E  O P T I C A L  S C A T T E R I N G  ANC 
R E F L E C T I C N  C H 4 a A C T E R I S T I C S  O F  C O M P L E X  S U R F A C E S  
I h D I C A T E S  T H A T  T H E  MOCN I S  COVERED B Y  A L A Y E R  OF 
F I N E  RCCK C U S T  A 6 3 - 2 1 7 5 4  

C I F F E R E N T I A L  A N 0  I N T E G R A L  B R I G H T N E S S  F U N C T I O N S  
D E T E R M I N E D  B Y  T H E  F O R M U L A T I O N  O F  T H E  O B S E R V E 0  
P H O T O P E T R I C  P Q O P E R T I E S  O F  T H E  L U N A R  S U R F A C E  

4 6 3 - 2 1 7 5 5  

O P T I C S  
P H O T O G R A P H I N G  T H E  C T H E R  S I D E  O F  T H E  MCON 
J P R S - 1 2 5 4 3  N 6 2 - 1 1 ' 9 0 7  

C P T I C S  D E V F L C P P E N T  F O R  4 3 - I N C H  L U h A R  T E L E S C O P E ,  
P Y P O P t T t R  D E V t L C P M E N T  FOR L U N A R  T E P P E R A T U R E  
M E A S U f l k M E L T  
A F C R L - 6 2 - 1 1 0 0  Y 6 3 - 1 1 0 1 8  

ORBIT 
O E " I 1 T Y  A N 0  P A S S  C I S T R I B U T I C N  L F  P E T E C R I T E S  NEAR 
T H E  E A Q T H S  C R E I T  N 6 2 - 1 0 8 0 4  

O X Y G E N  
P R O C E S S E S  FOR U T I L I Z A T I O N  O F  L U N A Q  R E S G U R C E S  - 
R E D U C T I O N  C F  S I L I C A T E S  T O  PQOOUCE C X Y G E N  
N A S A - C R - 5 2  3 1  8 N 6 4 - 1 0 1 7 9  

O X Y G E N  S Y S T E M  
U T I L I Z A T I O N  C F  L U N A R  S U R F A C E  R E S O U R C E S  - L U N A R  
PROGRAMS,  H Y D R G P O N I C S t  WATER A N 0  O X Y G C h  S U P P L I E S  

N 6  3- 14984 

L U N A R  S O I L  AS SOURCE O F  O X Y G E N  
h63-14989 

O X Y G E N  S U P P L Y  F R C M  S P A C E  P I N E R A L S  FOR P E R S C N N E L  
S U P P O R T  N 6 3 - 1 5 2 7 C  

P 
P A R T I C L E  

L U N A R  SL iRFACE B A L L I S T I C S .  H A Z A R D S  O F  S P A C E C R A F T  
L A N O I N G  OR L A U N C H I N G ,  P A R T I C L E S  - E X H A U S T  G A S F S  
N A S A - T k - 0 - 1 5 2 6  N 6 3 -  1 3 5  1 5  

P A R T I C L E  C O L L I S I O N  
INTERPLANETARY O U S T  P A R T I C L E  I M P A C T  ON L U N P R  
S U R F A C E  
N A S A - T N - 0 - 2  100 N 6 4 - 1 1 9 0 6  
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P E N E T R A T I O N  
D Y h A P I C  P E N E T R A T I C N  S T U C I E S  I N  C R U S E E C  RCCK l j N C E R  
A T P C S P H E R I C  A h D  VACLL 'M C C h C l T I C N S  
J P L - T R - 3 2 - 2 4 2  N 6 2 -  1 4 0 8  5 

P E N E T R A T I O N  S T U D I E S  C F  S I M U L A T E D  L U N A R  CUST 
N 6 3 - 1 0 3 7 2  

P E R S O N N E L  
D X Y G E Y  S U P P L Y  FRCM S P A C E  C I N E R A L S  FOR P E R S C N N E L  
S U P P O R T  Y 6  3- 1 5 2 7 0  

P E T R O G R A P H Y  
P E T E O R - S L A G  T H E O R Y  C O N C E R N I N G  T H E  O R I G I N  C F  T H E  
L U N A R  S U R F A C E  L A Y E R  E A S E C  C N  O E S E R V E C  D A T A  

A 6  ?- 1 9 4 0  3 

P H C T C G E N E R P T C R  
M 4 P P I N G  C F  P t ' Y S I C C R A P P I C  C I V I S I O Y S ,  P I - C T O C E C L O G I C  
F E A T U R E S  AND LClNAR R A Y S  C F  L U N L R  S U R F A C F  

h t  2- 10 4 2 4  

PHGTOGEOLOGY 
M A P P I N G  C F  P H Y S I C G R A P H I C  C I V I S I C N S .  P H C T C C F C L D G I C  
F E A T U R E S  AND L U N A R  R A Y S  OF L U N A R  S U R F A C E  

N 6 2 - 1 C 4 3 4  

S T R A T C G R A P H I C  R E L A T I O N S  ANC S U R F A C E  
C H A R A C T E R I S T I C S  C F  T H E  D E P C S I T S  AROUND T H E  LUNf iQ 
C R A T E R S ,  I h  ORDER T O  C U T L I N E  T H E  F R A M E k C R K  OF A 
L U N A R  T I M E  S C A L E  A 6  3- 1 8  3 9  4 

I N T E R P R E T A T I O a q S  O F  T H E  A R E A S  SHOW4 ON A G E h E R A L  
P H C T C G F C L C G I C  M A P  CF T H E  V C C X  4 N C  C h  A P P P  S P D k I N G  
P H Y S I C A L  D I V I S I C N S  OF T H E  MCON. C O M P I L E D  P R I C R  TO 
C O M P L E T I O N  O F  T H E  L U N A R  T C P C G R A P H I C  M A P  

A t ? -  1 e 3 9  5 

PHOTOGRAMMETRY 
SPECTRl,F C F  L I G H T h I h ;  I N  T I - t  VEiulJS ATPGSPi -ERE.  
P R C R L t M S  C F  S E L E N C C E T I C  PPCTCGGAMPETRY.  C R P h I h C 5  
OF L U N A R  L I M B  AREPS.  T C P C C E N T R I C  L I P R A T I C N S .  

N 6 2 -  1 6 6  1 E 

SCURCES O F  E R A O R  I N  Ti-E P E I S U R E M E Y T  O F  A C L N A R  
SHACCW B Y  PHCTOGRAPHS AND P M I C R C D E h S I T C M E T k R  

Ar, 3- 1 2  I 6 6  

C C M P A R I S C N  C F  P H C T C G R A P H I C  ANC V I S U A L  P E A S U R E M E N T S  
CF A L U h A R  SI-ACCW C A S T  B Y  A S T R A I G P T  WALL 
ANC C E T E R M I h A T I C h  CF L U N A R  A L T I T U D E S  

A 6 3- 12  167 

P R I N C I P L E  F E A T L R E S  O F  T H E  R E V E R S E  S I C E  O F  T H E  
C C C h  R A S F D  C h  P H C T C C R A P H S  A 6 3 -  12170 

I N F O R P A T I C N  L E A R N E C  C C N C E R N I N G  T h E  R E V E R S E  S I D E  O F  
THE P C O N  F R C P  T H E  F L I G h T  L F  L U N I K  3 

6 6 3 - l a 3 7 2  

P E T H O C S  U S E C  F C R  D R A W I N G  U P  C P A R T S  OF T H E  L U N A R  
P A Q G I N A L  ZCNEI @ A S E D  C N  7 C O  P H C T C G R A P H S  T A K E N  C N  
503 h I G H T S  4 6 3 - 1 8 3 7 8  

E S T I V A T I C N  C F  T H E  R E L A T I V E  L C C P T I C N S  O F  A NUMBER 
C F  C C N T R C L  P C I h T S  C N  T H E  S U R F A C E  C F  THE P C C N  B Y  
Z E C P E T R I C  P E A h S ,  I h D E P E N C E N T  C F  P P Y S I C A L  L U N A R  
THEORY 

E 5 I E F  C C h S I C E R A T I G N  C F  T H E  TWC C A J G R  S E L E h C D E T I C  
P R C E L E F' S 

P E T H C D  U S E D  I N  T H E  P R C C U C T I O N  C F  A L P Q G E - S C A L E  
P H C T C G R A P H I C  P A P  C F  T H E  P C C N  A 6 3 - 1 8 3 e 5  

B R I E F  R E V I E k  O F  T H E  F E A T U R E S  C P S E R V E C  CN T F E  V O C Y  

T C  S U P P L E M E N T  T H E  C E F E C T I V E  5 E S O L V I N G  POWER OF 
A V A I L A B L E  P H C T C G R A P H S  A 6 ? - 1 @ 3 9 t  

A 6 3 -  1 8 3 8 2  

A t  3- 1 8  3 8  3 

B Y  CARTCGRAPI-IC A ~ D  TCPCCRAPPIC STUCIFS Ird C R ~ E R  

P H O T O G R A P H  I N T E R P R E T A T I O N  
LUNA'? S U R F A C E S  - R A D A R  ANC P H C T O G 9 A P H I C  
D A T A  - S U R F A C F  ROUGHNESS 
P R - 3 9  V 6 3 - 1 2 0 4 3  

L U N A 9  S E L E N C G R A P H Y  - R E D E T t R M I N A T l C N  OF L I R R A T I O N  
C O N S T A Y T S .  L U N A R  S P H E R I C I T Y  MEASURCMEYTS,  

M I C R O R E L I E F  P H C T O I N T E R P R E T A T I O Y  
A F C R L - 6  3 - 4 0 6  N 6 3 - 1 5 2 2 3  

P L 4 Y F T A R Y  P H O T D G R A P H Y  - M U L T I C C L O R  PHOTOMETRY OF 
T H E  MOON, MARS, VENUS, A N D  O T H E R  P L A N E T S  

N 6 3 -  1 6 2 4 6  

C q d R E L A T I 3 N  3 F  P U L S E D  R A D A R  G P H C T C G R A P Y I C  D A T A  - 
S U 9 F A C E  GECjMETRY 
N 4 S I - C q - 5 C 5 3 6  N 6 3 - 1 8 3 2 2  

C E N T E R  CF MASS OF PODN P R k C I S C L Y  D t l t q M I Y F C  FROM 
P d O T C b R A P H I C  O B S E R V A T I O N S  
M h  T R A N S L - 4 D 1  Y 6 4 -  1 5  196 

I N T E R P R E T A T I C N  A h C  C E S I G N A T I C N  O F  Ti-E F E A T U R E S  O F  
T H E  F A R  S I C E  C F  T H E  CCCN AS S E E N  F R C C  P H C T r G R A P H S  
T A K E h  FRCM L L h I K  I 1 1  A 6 3 - 1 6 3 7 3  

S C H E P A T I C  C P A R T  W H I C P  SHOWS T H E  C I S T R I P U T I C N  O F  
T H E  B R I G P T N E S S  OF 107 F E A T U R E S  ON T H E  M A R G I N A L  
V I q I R C F  5 I n E  TF T H E  C r C Y ,  ANC CN ITS F A R  S ! D E r  A S  
D E T E C T E D  B Y  P h C T C G R A P H S  T A K E N  BY L U h I K  1 1 1  

~ 6 3 -  1 a 3 7 4  

E X T 9 A C T I N G  C A T A  F R C P  L U h A R  P H C T C G R I P H S  B Y  
A S T R O N D M I C A L  T E L E S C C P C t  E P P H A S I Z I N G  ACCUQACY I N  
E T K C R  C C N T A O L  ANC S I G N I F I C A N C E  O F  I N T E R ? R E T A T I O N  

6 6 4 - 1 2 3 4 6  

P H C T O G R A P H I C  T C C H h I C U E S  F C R  E V P L U A T I O N  G F  R O C K E T  
C B S F R V A T I C N S  C F  L L N A R  F A R  S I D E  @ Y  T H I R C  S C V I E T  
L U l l A R  P R O E E  A 6 4 - 1 2 6 3 3  

P H O T O G R A P H I C  M E A S U R E M E N T  
P H O T 3 G l A o H I C  C c A S l J R E M t N T  Lfi C 5 A T E Q S  I U  L U N A R  
k A L L C D  P L A I N  P T C L F P A E U S  N S 3 -  16 190 

L U N A R  E X P L C R A T I G N  C C h F E R E h C E  - R A D A R  ECHO, RADAQ 
S A T A  I Y T E R P R E T A T I O N .  P H O T C G R A P H I C  P H C T O M E T R Y t  
L U N A R  V O L C A N I C S ,  L MPNNED E X P L C R A T I G U  

N 6 3 - 2 1 3 6 2  

C E T E R P I N A T I C h  C F  P C S I T I C h  CF MCOhS C E N T E R  C F  M A S S  
F Q C Y  P H C T O G R A P H I C A L  O P S E R V A T I C N S  

A 6 3 -  1 C 7 0  5 

Q E L U L T :  C F  T E L E V I S I O h  P H C T D G R A P H S  O F  T h E  L U N A R  
I U i F A C E  I N  Ti-E -8-2.3 f ' I C R C N S  

A & ? - 1 7 7 1 4  

P H O T O G R A P H I C  R E C O R D I N G  
T i L E S C C P I C  AND P H O T O t i R A P H I C  D t S i R I P l I l , ' i  O F  L U Y A R  
M A Q I A  PND H I G H L A N D  C R A T E R S  
V A S A - C R - 5 5  1 7 2  ' j  6 ' t -  L 3 3  34 

PHOTOGRAPHY 
I N F R A R E D  I N S T R U M E h T A T I C h  F C R  T i -ERMAL P i -CTCGQAPI-Y 
C F  T H E  CGCN 

P H O T C G R A P H I N G  T H E  C T H E R  SIOE OF T H E  M C C h  
J P R S -  1 2 5 4  3 N 6 2 - 1 1 9 0 7  

C I R C  U P L  L h  P E P h C T C C  R P P P  I C 
N A < A - T \ - D - 1 2 ? 6  N 6 2 -  1 2  I t  4 

C A R T O G R A P H I C  S U P P O R T  C F  L U N A R  P I S S I O N S  
ARS P A P E R - 2 4 7 4 - 6 2  V 6 2 - 1 4 4 3 9  

A S E E I Y C  P L ' U I T C R  F L R  A S T R C P \ C M I C A L  P E C T C C H A P F Y  
A F T  ' L - 6 2 - 8  1 8  

N 6 2 - 1 C 1 2 ?  

EX PEG I ME I d 1  

Y 6 2 -  1 3 6 2  1 

L U N A R  S L p F A f E  P A P P I h G  P P O T C G R A P H Y  
N t  2 -  15742 

C I S C U S S I C N  AND PHCTCGRAPHS CF R I N G  S T R U C T U R F S  
SURROUNDI \ ;  L U N A Z  B A S I N S .  E V A L U A T I O N  AND P L A T E S  O F  
R U S S I A h  P H C T O G R I P H S  U F  T H E  4(0ON. 

N 6 2 - 1 6 6  19 

L U N L E  T C P C 2 R A P H Y  - C I N C P H G T C G R P P H Y  C F  L U N A R  
s u': r A I ;  t 
C Q "  c i : i .  ~ C I E : - : ~  Nt .2-  1 6 6 5 8  

L U K A R  L I G H T  P C L A R I Z A T I O N  
A I C - 6 2 - 1 4 2  u 6 2 - 1 6 a a 5  
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L I P 6  Z C N E  CF T H E  MGCN - NEW S O V I E T  S T U D Y  
J P R S - 1 5 3 2 4  

O R I G I N  O F  THE L U N A R  W A L L E C  P L A I N ,  P T O L E M A E U S  

N 6 2 - 1 7 7 5 0  

N63-10997 

C C M P U T A T I C N  OF S E L E N O G R A P H I C  C O O R D I N A T E S  O F  L U N A R  
P H O T O G R A P H S  U S I N G  C O N I C  P R O J E C T I O N  

N 6 3 - 1 2 0 4 1  

L U N A R  GECLCGV - A N A L Y S I S  C F  L U N A R  P H O T C G R A P H S  
N 6  3- 127 8 5 

PHOTOGRAPHY OF T H E  MOON FRCM S P A C E  P R O B E S  
J P L - T R - 3 2 - 3 4 7  Y 6  3- 1 4 6 7 7  

L U N A R  PHOTCHETRY A N 0  TOPOGRAPHY A N A L Y S I S  - CAMERA 
N 6 3 - 1 6 2 5 4  

L U N A R  PHOTCGRAPHV - L U N A R  F A R  S I O E  P H O T O G R A P H S  
Y 6 3 - 1 9 4 4 8  

I N F R A R E D  SYSTEM FOR T A K I N G  L U N A R  P I C T U R E S  
F 10-1 1-63 - 33 5 I 1  

P H O T O G R A P H I N G  O F  L U N A R  S U R F A C E  W I T H  I N F R A R E D  

N 6  3- 2 37 3 5 

v I O I C C N S  
J P R  5-20 2 2  3 N 6 4 - 1 1 2 2 2  

P H O T O G R A P H I C  STUDY O F  VENUS,  ~ A R S I  J U P I T E R ,  
SATURN,  MOON, A S T E R O I D  1580. & O T H E R  O B J E C T S  
N A S A-C R- 52 850  

C E T E R M I 4 A T I C N  C F  L U N A R  S H A P E  6 V  PHOTOGRAPHS C F  
A N Y U L A R  E C L I P S E S  N 6 4 - 1 3 7 0 6  

N 6 4 - 1 1 2 9 4  

A T L A S  CF THE F A R  S I D E  OF T H E  MC@N 
6 6 3 - 1 C 2 6 3  

L U N A R  SURFACE S T R U C T b R E  FRCM T E L E S C C P I C  
C B S E R V A T I C N S  S I h C E  1918 A N 0  FROM P P C T O G R A P H S  
T A K E N  OF THE R E V E R S E  S I O E  P 6 3 - 1 1 0 0 0  

D E S C R I P T I O N  CF N. K O Z V R E V S  O B S E R V A T I C N  O F  AN 
C U T B U R S T  CF G A S  FRCM T h E  CRATCR ALPHCNSUS.  AN@ 
PHOTOGRAPHY C F  R E V E R S E  S I C €  O F  T H E  MCON 

A 6  3- 1 4 3 8 C  

L U h A R  SURFACE S T R U C T U R E  FROM T E L E S C C P I C  
C B S E R V A T I O N S  S I N C E  1918 AND FRCM P H C T O G R A P H S  
T A K E h  C F  TtF R E V E R S E  S I O E  P 6 3 -  1 4 5 0 6  

MEASUREMENTS C F  THE D I A M E T E R S  C F  C R A T E R S  I N  THE 
L U h 4 R  h P ? L € r  P L A I F r  P T O L E P A E U S  ANC I N  V I C I N A L  
E Q L A L - A k E A  T F R R A E  / H I C l - L P h O  S U R F A C E S /  @ Y  C U R R E N T L Y  
A V A I L A e L E  L U h A R  P H C T C G R A P H S  6 6 3 - 1 4 5 7 5  

I - I G H - R E S C L U T I C N  C I h E P H C T C G R A P P S  C F  T I I E  L U N A R  
S U R F A C E  FRLN P I C - C U - M I L  I A t 3 - 1 7 6 t C  

R E V I E W  OF Ttt T C P C G R A P H I C A L  F E A T U R E S  O F  THE 
V I S I B L E  P C R T I C N  C F  T H E  MOON A63- 17901 

I N C O R Y A T I C h  L f b R N E C  C C N C E f i N I h S  T t E  S E V E T S E  S I O E  OF 
T H E  PCCFr FROP T H E  F L I G H T  O F  L U h I K  3 

A 6 3 -  10372 

I N T E R P R E T A T I C N  A h 0  C E S I G h A T I C N  C F  T I I E  F E A T U R E S  G F  
T r l E  F A R  S I D E  3 F  T d E  F C C h  LS S E E N  FROM P H C T O G S A P H S  
T A K E N  F R C P  L L N I K  I 1 1  A 6 3 - 1 8 3 7 3  

S T R U C T U R E  CF T H F  F A R  S I O E  OF T h E  MOON A ?  S U G G F S T E C  
B Y  PHOTCGRAPHS T A K E N  B Y  L U N I K  111 

~ 6 3 - l a 3 7 5  

F O R  C H E C K I h C  THE A V A I L A B L E  C H A R T S  A h C  M O C E L S  O F  
T h i  G E Y E R P L  F I C U R E  O F  THE MOOY 

A 6  ?- 1 8 3 7 9  

P E T H C O  USEC I N  THE P R C O U C T I C N  C F  A L P R C E - S C A L E  
P H C T C G R A P H I C  P A P  OF T H E  MCON A 6 3 - 1 8 3 8 5  

P S E S E N T A T I C h  C F  P H C T C G R A P h S  C F  D I F F E R E N T  L U N P A  
C O R V A T I C \ S  I h  CRCER TC SHCW I M P R C V E C E h T S  I h  
P H C T C G R A P H I C  T E C H N I O U E S  A 6  3-1 8397 

C U R R E N T  P H C T C G R A P H I C  I N S T R U M E N T A T I C N  O F  T H E  MOGh 

I N  CRDER TO S E C U R E  A O E C U A T E  D A T A  C C R  T I I R E E -  
O I M E N C I O N A L  T C P G G R A P H V  O F  T H E  L U N A R  S U R F A C E  

A 6  3- 18  3 9  8 

A C C U P U L A T E O  I N F O R M A T I O N .  I N C L U O I N G  1 C O  
P H O T G G R A P H S v  O F  T H E  L U N A R  S U R F A C E  / M O U M T A I N S I  
CRATERSI  P L A I N S ,  S E A S /  U N C E R  V A R I C U S  P H A S E S  ANC 
I L L U P I N A T I C N  C C N O I T I C N S  ~ 6 3 - 2 3 4 7 e  

E X T R A C T I N G  D A T A  FROM L U N A R  P H O T C G R A P H S  B Y  
A S T R O N O M I C A L  T E L E S C O P E ,  E M P H A S I Z I N G  ACCURACY I N  
ERROR C O N T R O L  A N 0  S I G N I F I C A N C E  C F  I N T E R P R E T A T I O N  

A64- 1 2 3 4 6  

P H O T O M E T R Y  
E X P E R I M E N T S  R E L A T I N G  T O  T H E  L U N A R  S C R F A C E  - 
P H O T O P E T R V  - P R O T C N  P C M B A R C F E N T  O F  P I N E R A L S  
C R S R - 1 2 7  N 6 2 -  1 4 7 1  5 

L I G H T  S C A T T E R I N G  A h C  P H C T C P E T R I C  R E L I E F  O F  T H E  
L U N A R  S L R F A C E  
N A S A-TT-F- 7 5 

P R E F L I G H T  A N A L Y S I S  A N D  L U N A R  P H O T O M E T R I C  M C O E L  - 
RANGER S P A C E C R A F T  T V  S Y S T E M  
J P L - T R - 3 2 - 3 8 4  N 6 3 - 1 3 4 4 9  

S T U D Y  O F  R E F L E C T I O N  L A W S  O F  A V A R I E T Y  O F  S U R F A C E S  
W I T H  A P P L I C A T I O N  O F  T H E I R  P R O P E R T I E S  T O  L U N A R  
S U R F A C E  
CRSR-  139 N 6 3 - 1 4 0 8 7  

P H C T O M E T R I C  S T U C Y  O F  A S T E R O I O v  L U N 4 R  M h o ,  
S P E C T R C P H O T C M E T R V  O F  S T A R S  A N 0  P L P Y F T S ,  AND 
A S T R O Y O M I C A L  P H C T O H E T R V  N 6 3 - 1 5 0 7 7  

RANGER P R O J F C T  - T E L E V I S I O N  S Y S T E M  A I ~ A L V S I S  A N 0  
L U N A R  P H O T C M E T R I C  KOOEL - R A N G E R S  111. I V  A N 0  V 
S P A C E  P R O B E S  
J P L - T R - 3 2 - 3 8 4 / R E V - I  N 6 3 - 1 5 2 4 4  

T H E O R E T I C A L  P H O T O M E T R I C  P R O P E R T I E S  O F  L U N A R  
S U R F A C E  - F U N C T I O N S  F O R  O I F F E R E V T I A L  & I N T E G R A L  
BR I G H T H E S S  
CRSR-  1 3 R  

V 6 2 - 1 5  1 2  3 

N 6 3 - 1 5 9 3 6  

P L A N E T A R Y  P H G T O G R A P H Y  - M U L T I C O L O R  P H C T C P E T R Y  C F  
T H E  MOON, MARS, VENUS,  A N 0  OTHER P L A N E T S  

N 6 3 - l b 2 4 6  

P H O T O N E T R I C  S T U O I E S  OF C O M F L E X  S U R F A C t S  W I T H  
A P P L I C A T I O N S  TO L I G H T  S C A T T E R I N G  B Y  L U N A R  S U R F A C E  

N 6 4 - 1 1 3 9 3  

P H C T C P E T R I C  S T U C V  O F  T H E  P I C T U R E S  C F  T H E  MOONS 
REMOTE S I C E  A 6 3 -  1 7 8 3 4  

S T R U C T U R E  O F  THE F A R  S I O E  O F  T P E  MCON AS S U G C E S T E O  
B Y  PHCTCCRAPI-s T A K E N  e v  LUNIK 111 

A 6  3- 1 8 3 7  5 

C U R R E N T  P H C T C G R A P H I C  I N S T R U M E N T A T I C N  C F  T h E  MOCN 
I N  OROER T O  S E C U R E  A C E C U A T E  D A T A  F O R  T I I R E E -  
O I P E N S I O N A L  TOPOGRPPHY O F  T H E  L U N A R  S U R F A C E  

A 6 3 -  18398 

R E S U L T S  C F  P P I R E C  C O M P A R I S O N S  C F  B R I G H T N E S S  I Y  
LU'IAR A R E A S  I N  CROER T C  STUOY THE CCCNS 
M I C R C R E L I E F  6 6 3 -  18404 

P H C T C V E T R I C  S T U C V  C F  T H E  C P T I C A L  S C A T T E R I N G  ANC 
R E E L E C T I C N  C H A R P C T E R I 5 T I C S  O F  C O M P L E X  S U R F A C E S  
I N C I C A T E S  TI-AT THE MCCN I S  C O V E R E D  B Y  A L A V E R  O F  
F I Y E  ROCK D U S T  

D I F F E R E N T I A L  A N 0  I h T E G R A L  B R I G H T N E S S  F U N C T I O N S  
D E T E R M I N E 0  B Y  T H E  F O R M U L A T I O N  O F  T H E  O B S E R V E 0  
P H C T C M E T P I C  P R C P E R T I E S  O F  T H E  L U N A R  S U R F A C E  

A 6 3 - 2  1 7 5 4  

A t  3-2 1 7 5 5  

A C C U F U L A T E O  I N F O R M A T I C N r  I N C L U C I N G  100 
P H C T C G R A P H S .  C F  T H E  L U N A R  S U R F A C E  / M O U N T A I N S ,  
C R A T E R S ,  P L A I N S ,  S E A S /  U N O E R  V A R I O U S  P H A S E S  A N 0  
I L L U M I N A T I O h  C C N C I T I C N S  A 6 3 - 2 3 4 7 8  

L U N A R  C R A T E R  S L O P E S t  U S I N G  MOON P H O T O M E T R I C  
F U N C T I O N  ~ 6 4 - 1 3 4 3 8  
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P H O T O C I C R O G R A P H Y  
M I C R O P H C T O P E T R I C  A i I A i Y S I S  C F  T H E  S P t C T Q U M  C F  TPE 
C E N T R A L  P E A K  C F  T P E  C R A T E R  A L P H C N S U S  

6 6 3 - 1 8 3 S 3  

P H Y S I O G R A P H I C  D I V I S I O N  
M A P P I N G  OF P H Y S I C G R A P H I C  C I V I S I C N S .  P C O T C G E C L C C I C  
F E A T U R E S  AND L U N A R  a A Y S  O F  L U K A R  S U R F A C E  

N 6 2 - 1 0 4 3 4  

I N T E R P R E T A T I O N S  O F  T H E  A R E A S  SHCWN O N  A G E N E R A L  
P H C T O G t C L C G I C  C A P  OF T H E  MCCN Al<C C N  A MAP SHOWINC 
P H Y S I C A L  D I V I S I C N S  O F  T H E  MOONS C O M P I L E 0  P R I O R  TC 
C O C P L E T I C N  C F  T h E  L U N A R  T O P O G R A P H I C  MAP 

663-18395 

P H Y S I O L O G I C A L  R E S P O N S E  
MANNED L U N A R  F L I G H T  - L U N A R  S P A C E C R A F T .  
P H Y S I O L O G I C A L  A S P E C T S .  L U N A R  E N V I R O N M E K T  

Y 6 3 - 2 2 8 4 1  

P L A N E T  
T H E  P H Y S I C P L  P R O P E R T I E S  O F  T h E  MOON ANC P L A N E T S  
R M - 3 0 2 2 - J P L  N 6 2 - 1 C 4 0 4  

P H Y S I C A L  P R O P E R T I E S  O F  T H E  MDCN A Y C  P L A N E T S  
R M - 2 7 6 9 - J P L  N 6 2 - 1 1 2 8 4  

P H Y S I C A L  P R O P E R T I E S  O F  T H E  MOON A Y D  P L A N E T S  
R M - 2 9  0 0- J P L 

S T U D I E S  O F  P H Y S I C A L  P R O P E R T I E S  OF T C E  MOOK AND 
P L A N E T S  
A R - 1 5 -  J P L  N E 2 -  1 1 8 0 6  

P H Y S I C A L  P R O P E R T I E S  O F  T H E  MOCN & P L A N E T S  
R M - 2 8  17- J P  L 

E V A L U A T I O N  OF I N F R A R E D  S P E C T R C P H O T C M E T R Y  F C R  
C O F P O S I T I C N A L  A N A L Y S E S  O F  L U N A R  & P L A N E T A R Y  S O I L S  

Y 6 2 - 1 1 2 8 6  

N 6 2 -  1 3 6  3 3 

Y 6 2 - 1 4 6 4 1  

T H E R M A L  H I S T O R Y  OF T H E  MOON AND T E R R E S T R I A L  
P L A N E T S  - C O N V E C T I O N  I N  P L A N E T A R Y  I N T E R I O R S  
J P L - T R - 3 2 - 2 7 6  N 6 2 - 1 6 3 6 9  

T H E R M A L  H I S T O R Y  O F  T H E  MOOh A N 0  OF THE T E R R E S T R I A L  
P L A N E T S  
J P L - T R - 3 2 - 1 0 8  N 6 2 -  1 6 3 8 9  

V A R I A T I O N  C F  P E R C E N T A G E  O F  L U N A R  S H A D E C  R E C I O N S  
W I T H  C H A N G I N G  E L E V A T I C N  OF SUN 

X 6 2- 1 t 3 9 2 

P H Y S I C S  O F  THE P L A Y E T S  N 6 3 - 1 0 7 2 5  

P H Y S I C A L  P R C P E R T I E S  O F  T H E  MOO& AND P L A N i T S  
A R - 2 6 - J P L  N 6 3 - 1 1 4 C 7  

P H O T C G R A P H I C  S T U D Y  OF VENUS,  MARS. J U P I T E R ,  
SATURN,  MCONI A S T E R O I C  1 5 6 0 ,  & OTHER O R J t C T C  
N A S A - C R - 5 2 8 5 0  N 6 4 -  1 1 2 9 4  

P L A N E T A R Y  A N D  L U N A R  R E S E A R C H  I N  THE P H O T O G R A P H I C  
I N F R A R E D ,  V I S I B L E ,  A k C  U L T R A V I C L E T  S P E C T R A  
A D - 4 2 9 3 9 2  " b 4 - 1 4 3 5 9  

I N T E R N A L  S T R L C T U R E S  OF MCCN ANC I X N E R  P L A h i E T S  
N 6 4 - 1 5 1 8 3  

P L A N E T A R Y  A T M O S P H E R E  
P H Y S I C A L  P R O P E R T I E S  O F  T H E  MCCN AYO P L A N E T S  
R M - 2 9 0 0 - J P L  N 6 2 - 1 1 2 8 6  

S P A C E  A N 0  P L A N E T A R Y  E N V I R O N M E N T S  
A F  S U R V E Y S  I N  G E O P H Y S I C S - 3 9  h 6 2 - 1 1 4 t C  

L U N A R  & P L A N E T A R Y  E X P L O S A T I O N  
N 6 2 -  1 2 7  97  

P H Y S I C A L  P R O P E R T I E S  O F  T H E  MOON & P L A N F T S  
R M - 2  8 17-J P L 

P L A N E T A R Y  ATMOSPHERES,  P R O P E R T I E S I  A N 0  E X P L O R  CY 
R 6 2 S 0 8 5  N 6  2- 1644 7 

S P E C T R U M  C F  L I G H T N I N G  I N  T H E  V E N U S  A T M O S P t E R E .  

N 6 2 -  1 3 6 3  3 

P R O B L E M S  O F  S E L E N O D E T I C  PHCTOGRAPMETRY.  C R A W I N G S  
OF LUNAR L I M B  AREAS.  TOPOCENTRIC LIER~TICNS. 

N 6 2 - 1 6 6 1 8  

S T U D Y  OF T h E  N E b R  I N F R A R E C  S P E C T R U M  O F  VENUS,  
U S I Y G  A S P E C T R O P E T Z R  W I T H  C I F F R A C T I O F !  G R A T I N G  

A 6 3 -  10902 

P L A N E T A R Y  E X P L O R A T I O N  
L b N A R  t P L A N E T A R Y  E X P L O R A T I O N  

1 6 2 -  1 2  797 

P L A N E T A S Y  ATMOSPHERCS. P R C P E R T I E S .  AND E X P L O R A T I G N  
R 6 2 S D 8 5  V 6 2 - 1 6 4 4 1  

B I B L I O G R A P H Y  G F  A S T R O N A U T I C S  I N F U R M A T I U N  - 
E N G I N E E R I N G  E G U I P M E N T  4h;O P R O C E S S E S  A D A P T A B L E  T C  
L U N A R  A N 0  P L A N E T A R Y  E X P L O R A T I O N  
N A S A - C R - 5 0 9 6 6  163-21479 

N A S A  LUNAR AND P L A N t l A H Y  E X P L C R P T I O N  PROGRAM, 
D I S C U S S I N C  RANGER. SURVEYOR,  P R C S P E C T C R  L U k A R -  AND 
M A R I N E R ,  V O Y A G E R  P L A N E T A R Y  V E H I C L E S  

A 6 3 - 2 1 2 9 2  

P L A N E T A R Y - I N T E R P L A N E T A R Y  PROGRAM 
S P A C E  PROGRAMS SUMMARY NO. 37-17 - V O L  6. J U L Y  TO 
O C T  1962 - S P A C E  E X P L O R A T I O N  PRCGRAMS & S P A C E  
S C I E N C E S  
J P L - S P S - 3 7 - 1 7 .  VOL. V I  Y 6 3 - 1 0 3 3 4  

P L A N E T A R Y  M A S S  
T H E R M A L  H I S T O Q Y  C F  T H E  MOCiN AND T E R R E S T R I P L  
P L A N E T S  - C O N V E C T I O Y  I N  P L A N E T A R Y  I X T F S I C 7 S  
J P L - T R - 3 2 - 2 7 6  h62- 15 3 6 9  

P L A N E T A R Y  S U R F A C E  
R A C A R  S T U D I E S  L F  P L A V E T L R Y  S U R F A C E S  

N 6 3 -  10227 

R A D A R  M E T H C C S  C F  S T U C Y I h G  P L A N E T A R Y  S U R F A C E S  

L A N D  L C C O M C T I C N  ON S U R F A C E  O F  P L A N E T S  

P L A N E T A R Y  S U R F A C E  I N V E S T I G A T I O N  B Y  E L E C T R C M A G N E T I C  
R A D I A T I C N  R E F L E C T I O N  ANC E M I S S I O N  C 8 S E R V A T I C N  
T E C H N I Q U E S  A 6 4 - 1 3 3 1 7  

N 6 3 - 1 0 2 2 9  

A 6 3 -  1 il2 72 

P L A N T  / B I O L /  
S C I L - L E S S  G A R D E N I N G  CN T H E  MCGN 

N b 2 -  1 4 2  1 6  

P L A S M A  WAVE 
P A G Y E T I C  D I S T U R B A N C E S  I N  L U N A R  S E L F N C H A G N E T I C  ANC 
GEC,! tCSNETIC STCRMS - PLASk,A W C V E  S T U C Y  
V A 5 A - C R - 5 5 4 3 3  Y 6 4 - 1 4 S 4 1  

P C I N T - T O - P O I N T  C O M M U N I C A T I O N  
P C I h T - T C - P O I N T  C O M M U N I C A T I O N  ON T P E  M C O N  B Y  
S R O U h C - N A V E  P R C P A G A T I C N  A 6 3 - 1 1 8 ? 6  

P C L A R I M E T R Y  
C B S E R V A T I O h S  O F  L U Y A R  P O L A R I Z A T I O N  C h A R A C T E K I S T I C S  
M A C E  h I T t  A N  A L T C P A T I C  E L E C T R O k I C  P C L A R I P E T E P  

A 6 3 -  1 P 4 1 4  

P O L A R I Z A T I O N  
L U N A R  L I G H T  P O L A R I Z A T I C V  
A I ? - 6 2 - 1 4 2  Y 6 2 - 1 6 8 8 5  

R E L A T I O N  R E T W E E N  E L E C T R C M A G N E T I C  S C A T T E R I N G  
P R O P E R T I E S  O F  L U N P R  S U R F A C F  & S U R F A C E  S T R U C T U R E S  
N A S A - C R - 5 5 5 4 5  N 6 4 -  1 5  1 8 6  

S T U C Y  O F  M A C R C S T R L C T U R E  A N r  M I C R O S T R U C T U R E  C F  T P E  
L U Y A R  S U R F A C E  I N  R E L A T I C N  TC T h E  E V C L U T I C N  C F  T h E  
POON ANC I T S  C E S E R V P E L E  S U R F A C E  

6 6 3 - 1 3 8 7 7  

P C L A R I Z A T I O N  C H A R A C T E R I S T I C  
L I N E A R  P C L A R I Z A T I O Y  OF L U N A R  R A C I O  FMIZSIOY A T  A 
d A V E L E h G T H  CF 3.2 CM 

P O L A R I Z A T I C X  P R C ? E R T I E S  O F  L U N A R  S U R F A C E  
F C R M A T I C N S  4NO GROUND ROCK: 

P 6 3 -  1 7  3C'3 

Af~3- 10 4 17 
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P O L A R I Z E D  L I G H T  
D E T E R M I N A T I O N  O F  R E L A T I V E  AGES O F  L U N A R  C R A T E R S  
B Y  A L B E D C  AND P C L A R I Z A T I O N  M E T H C D S  

A 6 3 -  12090 

P O R O U S  M A T E R I A L  
S T A T I C  B E A R I N G  C A P A C I T Y  O F  R O C K  POWCER E V A L U A T E C  
I N  A I R  ANC H I G H  VACUUM I N  STUDY O F  P R O P E R T I E S  O F  
L U N A R  SURFACE 6 6 4 - 1  3 1 3 5  

PONDER 
F I N E  POWOER THEORY F O R  D E S C R I B I N G  L U N A R  S U R F A C E  
N A S A - C R - 5 0 1 1 7  N 6 3 -  16731 

L U N A R  SURFACE H I G H  F R E Q U E N C Y  S P U T T E R I N G  Y I E L D  
R E L A T E 0  TO I O N  BOMBARDMENT D A T A  FOR POWDERED ROCK 
N A S A-CR-50 2 2 9  N 6 3 -  17 204 

P R O B E  
N A S A  OBSERVATORY R E P O R T S  N 6 2 - 1 0 2 9 2  

PHENOMENA OF I M P A C T  F L A S H  - R E A C T I O N  OF L U N A R  
S U R F A C E  TO I M P A C T  OF L U N A R  P R O @ €  
A R S P A P  ER-K4 16- 6 2  N 6 2 - 1 4 4 5 7  

L U N A R  ROUGH- A N D  S O F T - L A N O I N G  UNMANNED S P A C E C R A F T  
F O R  G E C L O G I C  I N V E S T I G A T I O N S  A 6 3 - 1 7 6 5 8  

H I G H  R E S C L U T I G N  R A D A R  T E L E S C O P E  B E I N S  U S E D  TO 
P R O B E  T H E  L U h A R  S U R F A C E  A 6 3 - 1 8 1 8 8  

P R O J E C T I L E  
I M P A C T  R A D I A T I O N  ON C O L L I S I O N  B E T W E E N  P R O J E C T I L E  & 
T A R G E T  
N A S A - C R - 5 > 7 8 3  N 6 4 - 1 5 8 7 6  

P R O P E L L A N T  
T H E R M A L  ASPECTS O F  L O Y G - T E R M  STORAGE OE 
P R O P E L L A N T S  ON LUNAR S U R F A C E  
A R S PAPER-  2 6 9 0  - 6 2  N 6 3 -  11273 

P R O P E L L A N T  TANK 
E X A M I N A T I O N  OF THE T H E R M A L - C O N T R O L  A S P E C T S  C F  
ABCVE-SURFACE S T O R A G E  O F  P R O P E L L A N T S  O N  A L U N A R  
E C U A T O R I A L  S I T E  
A R S  P A P E R  6 2 - 2 6 9 0  A 6 3 - 1 2 2 2 8  

P R O S P E C T O R  PROJECT 
U N M A N N E D  LUNAR E X P L O R A T I O N  S P A C E C R A F T  - RANGER.  
SURVEYOR,  AND P R O S P E C T O R  P R O J E C T S  
N A SA-TM-X-50 13 5 N 6 3 - 1 8 8 6 3  

P R O T O N  
P H Y S I C A L  P R O P E R T I E S  O F  T H E  MOON AND P L A N E T S  
R M - 2 9 0 0 - J P L  462- 1 1 2  8 6  

E X P E R I C E N T S  R E L A T I N G  T O  TI-E L U h A R  S U R F A C E  - 
PHOTOMETRY - PROTON BOMBARDMENT OF M I N E R A L S  
C R SR- 127 N 6 2 - 1 4 7 7 5  

P R O T O N  I R R A D I A T I O N  
H A Z A R D  OF P R O T O N - I N D U C E D  I O N O S P H E R I C  R A D I A T I O N  TO 
S P A C E  F L I G H T  S A F E T Y  N 6 3 -  18775 

P U L S E  R A D A R  
C O R R E L A T I O N  OF P U L S E D  R A D A R  & P H O T O G R A P H I C  D A T A  - 
S U R F A C E  GECMETRY 
N A S A - C R - 5 0 5 3 6  N 6 3 - 1 8 3 2 2  

P Y R O M E T E R  
O P T I C S  DEVELOPMENT F O R  4 3 - I N C H  L U N A R  T E L E S C O P E .  
P Y R O M E T E R  O E V E L C P M E N T  F O R  L U N A R  T E M P E R A T U R E  
MEASUREMENT 
A F C R L - 6 2 - 1 1 0 0  ~ $ 3 - i i o i e  

R 
R A D A R  APPROACH C O N T R O L  / R A P C O N /  

R A D A R  BACK-SCATTER T H E O R I E S  FUR N E A R - V E R T I C A L  
I N C I D E N C E  AND T H E I R  A P P L I C A T I O N  TO AN E S T I N A T E  O F  
L U N A R  SURFACE ROUGHNESS 
E € - 6 7  Y 6 2 - 1 1 7 5 4  

R A D A R  ASTRONOMY 
R A D A R  S T U D I E S  OF P L A N E T A R Y  S U R F A C E S  

N 6 3 - 1 0 2 2 7  

R A D A R  VIETHOOS OF S T U D Y I N G  P L A N E T A R Y  S U R F A C E S  
N 6 3 -  1 C  228 

L U N A R  S U R F A C E S  - R A C A R  ANG P H C T O t R A P l i I C  
D A T A  - S U R F A C E  R C U G H N E S S  
P R - 3 9  N 6  3- 1 2 0 4 3  

GROSS S U R F A C E  R O U C N h E S S  O F  T H E  MOON S T U C I E D  B Y  
T H E O R E T I C A L  M O D E L S  U S I N G  R A C A R  S I G N A L  S C A T T E R I N G  
C H A R A C T E R I S T I C S  6 6 4 -  1 2 6 3 6  

R A D A R  B A C K S C A T T E R  
R A D A R  B A C K - S C A T T E R  T H E C R I E S  F O R  h E A R - V E R T I C A L  
I N C I D E N C E  AND T H E I R  A P P L I C A T I O N  TI? AN E S T I M A T E  O F  
L U N A R  S U R F A C E  R O U G H N E S S  
E E - 6 7  N 6 2 - 1 1 7 5 4  

C O M P A R I S O h  O F  R A D P R  B A C K  S C A T T E R I N G  P E A S U R t M E N T S  
FROM N O C N - L I K E  S U R F A C E S  TO L U N A R  S C A T T t Q I N G  O A T A  
S U R F A C E  R C U G H N E S S  - O I t L E C T R I C  C O N S T A h T  E S T I M A T E S  
N A S A - C R - 5 0 3 0 4  

R A D A R  C R O S S  S E C T I O N  

N 6  3- 18 39 5 

D E S C R I P T I O h  C F  L U N A R  S U R F A C E  FRCM R A D A R  L U N A R  
E C H O E S  W I T H  D E F I N I T I O N  OF ROUGHNESS B A S E D  O N  
S T A T I S T I C A L  P R O P E R T I E S  OF A S U R F A C E  

A 6 3 - 1 0 8 1 2  

R A D A R  ECHO 
B A C K S C A T T E Q .  L U N A R  S U R F A C E  P R O P E R T I Z S ,  AND R E L A T E D  
R A O A R  ECHC S U B J E C T S  - B 1 3 L I O G Q A P H Y  
N A S A - C R - 5 0 8 5 6  N 6 7 - 2 0 2 4 9  

L U N A R  E X P L O R A T I O N  C O N F E R E N C E  - R A D A R  ECHO, R A D A R  
D A T A  I N T E R P R E T P T I C N ,  P H C T C C R A P P I C  P I - O T C M E T Q Y v  
L U N A R  V C L C A N I C S ,  E FLA’rNEO F X P L L R 4 T I C N  

Y 6  3 - 2  1 3 6 2  

R A C A R  S C A T T E R I N C  FROM T H E  L U N A R  S U R F A C E  A T  
W A V E L E N G T H S  OF 3.6, 68, AND 7 8 4  C E N T I M E T E R S  

A 6 3 - 1 1 6 5 1  

RMS S L O P E  O F  L U N A R  S U R F A C E  I S  D E T E R M I N E D  FROM 
S I G N A L  F A D I N G  M E A S U R E M E N T S  ON L U N A R  R A D A R  
ECHOES A 6 3 -  1 I 6 5 2  

C O R R E C T I O N S  TO A P R E V I O U S L Y  D E T E R M I N E D  RMS S L O P E  
O F  T H E  L U N A R  S U R F A C E  COMPUTED FROM T H E  
A U T O C O R R E L P T I O N  F U N C T I Z N  C F  T H E  R A D A R  ECHO 

6 6 3 - 1 6 7 5 3  

P H Y S I C A L  C C h S T A N T S  O F  T H E  L U N A R  S U R F A C E  AS 
I N C I C A T E D  B Y  I T S  R A D A R  S C A T T E R I N G  ANC T H E R M A L  

A 6 3 - 1 8 4 2 3  E M I S S I O N  P R C P E R T I E S  

R A D A R  MEASUREMENT 
M E A S U R E V E N T S  C F  T H E  R A D I O  ECHO POWER S C A T T E R E G  B Y  
T H E  L U N A R  S U R F A C E  A 6 3 - 1 8 4 2 1  

R A D A R  O B S E R V A T I O N  
L U N A R  S U R F A C E S  - RACAR A N 0  P H O T O G R A P H I C  
O A T A  - S U R F A C E  R O U G H N E S S  
P R - 3 9  N 6 3 - 1 2 0 4 3  

H I G H  R E S O L U T I O N  R A D A R  T E L E S C O P E  B E I N G  U S E D  TO 
P R O B E  T H E  L U N A R  S U R F A C E  A 6 3 - 1 8  l e8  

R A D A R  R E F L E C T I O N  
F E A S I B I L I T Y  OF S I C U L A T I N G  R A D A R  A N A L Y S I S  C F  T H E  
P D C N  
A F C R L - 6 2 - 1 1 2 0  N 6 3 - 1 2 3 6 2  

E N H P N C E P E h T  C F  R A C A R  R E F L E C T I V I T Y  A S S C C I A T F C  W I T H  
L U N A R  C R A T E R  T Y C H C  A 6  3- 1 C  5 2 9  

C H A R A C T E R I S T I C S  C F  T h E  L U N A R  S U R F A C E  R E V E A L E 3  B Y  
A N A L Y S I S  C F  R A D A R  R E F L E C T I O N S  G F  4 2 5  M C / S  

A 6 3 - 1 3 5 2 3  

R A @ A R  R E F L E C T I O N S  F R C P  L U N A R  S L R F A C E  @ E S C R I e E D  B Y  
A C U M P G S I T E  C C R R E L A T I C N  F U N C T I C N  

4 6 4 - 1 1 5 8 1  

R A D A R  T R A C K I N G  
S P A C E  C C M M U N I C A T I C N S  I N C L U D I N G  S P A C E  T R A C K I N G  A N D  
R A D I O  C D P V A N D  S Y S T E C S  A N 0  C C M M U N I C A T I O N  S A T E L L I T E S  

A 6 4 - 1 0 1 6 3  
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I N C I D E N C E  A N 0  T h E I R  A P P L I C A T I O N  T O  A N  E S T I M A T E  O F  
L U N A R  S U R F A C E  RCUGHNESS 
E E - 6 7  N 6 2 -  11 754 

R A D I A N T  E N E R G Y  
E R R C R S  I N  M E A S U R E C E h T  O F  T E P P E R A T U R E  C F  T F E  MOON 

A 6 3 - 1 0 9 0 2  
R A D I A N T  H E A T I N G  

P H Y S I C A L  P R O P E R T I E S  C F  T H E  MCCN PNC P L A N E T S  
R Y - 2 9 0 0 - J P L  N 6 2 - 1 1 2 8 6  

R A D I A T I O N  E F F E C T  
C O R P U S C U L A R  R A D I A T I O N  PRODUCED C R Y S T A L L I N E  DAMAGE 
A T  L U N A R  S U R F A C E  N 6 3 - 2 3 4 0 2  

H A Z A R D  C F  P R O T O N - I N D U C E D  I O N O S P N E R I C  R A D I A T I O N  T O  
S P A C E  F L I G H T  S A F E T Y  N 6 3 -  18775 
C O S M I C  R A Y  H A Z A R D S  I N  S C L A R  S Y S T E M  C O N S I C E R E D  FROM 
M E A S U R E P E N T S  O F  C C S P I C  R A Y  ENERGY A N 0  CHARGE 
S P E C T R A  N E A R  E A R T P  A N 0  I N  I N T E R P L A N E T A R Y  S P A C E  
N E A R  EARTH.  i C 6 E T H E R  W I T H  i N T E R A c T i C N  OF C O b M I L  
R A Y S  W I T H  C C C h  S U R F P C E  
A I A A  P A P E R  64-66 A 6 4 - 1 2 7 6 4  

R A D I A T I O N  H A Z A R D  

R A D I A T I O N  T R A N S F E R  
S T U D I E S  O F  P H Y S I C A L  P R O P E R T I E S  O F  T H E  MOON A N 0  
P L A Y E T S  
A R - 1 5 -  J P L  "62-1 1806 

R A D I A N T  H E A T  T R A N S F E R  T O  S I M U L A T E D  S P A C E  C A P S U L E  
I N  L U N A R  E N V I R O N M E N T  S I M U L A T I O N  CHAMBER 
O R A - 6 3 - 2  N 6 3 - 1 3 4 1 8  

R A D I O  E L E C T R C N I C S  I N  S C V I E T  S P A C E  E X P L C R A T I O N  
J P R S - 1 5 4 3 0  N 6 2 - 1 6 1 1 9  

R A D I A T I V E  H E A T  T R A N S F E R  

R A D I O  

R A D I O  ASTRONOMY 
R A D I O M E T R I C  M E A S U R E M E N T S  I N  R A D I O  ASTRONCMY - SUN, 
M O O V ,  VENUS,  J U P I T E R ,  G A S  SPECTRA,  A N 0  O T H E R  R A D I O  
E M I S S I O N  SOURCES N 6 4 - 1 0 9 2 9  

B R I G H T N E S S  O I S T R I @ U T I O N  O F  T H E  L U N A R  C I S K  U S I N G  A 
R A D I O  T E L E S C O P F  I h  T H E  .8 CM R A N G E  

A 6 3 - 1 7 3 C 3  

E M I S S I V I T Y  O F  T H E  L U N A R  S U R F A C E  A T  C E N T I M E T E R  
W A V E L E N G T H S  A 6 3 - 1 7 3 0  5 

C O L L E C T I O N  O F  P A P E R S  D E A L I N G  W I T H  L U N A R  
I N V E S T I G A T I O N S ,  I N C L U D I N G  R C C K E T  E X P L C R A T I O N ,  
R A D I O  O C S E R V A T I C N S .  S E L E N C D E S Y .  T H E  L U N A R  S U R F A C E  
A N 0  T H E  L U N A R  G L C e E  A 6  3- 1 8  37 1 

L U N A R  S U R F A C E  L A Y E R .  E M P H A S I Z I N G  D I S T I N C T I O N  
B E T W E E N  NCNHOPCGENECUS S T R U C T U R E  OF MCON S U R F A C E  
A N D  M C O E L S  U S E 0  F C R  R A D I O  A S T R C N O M I C A L  AND 
R A D I O M E T R I C  O C S E R V A T I C N S  A 6 4 - 1 3 2 3 0  

R A O I D  E C H O  
U S E  O F  R A D I O - E C H C  T E C H N I Q U E S  I N  D E T E R C I h I h G  T H E  
S U R F A C E  C H A R A C T E R I S T I C S  O F  T H E  MOON 

A b 3 -  1 7 6 6  2 

R A D I O  ECHO O B S E R V A T I O N  
R A O A R  S G A T T E R I N L  F R C P  T H E  L U N A R  S U R F A C E  A T  
k A V E L E N G T H S  O F  3.6, 66. A N 0  784 C E N T I M E T E R S  

A 6 3 - 1 1 6 5 1  

RMS S L O P E  C F  L U N A R  S U R F A C E  IS C E T E R M I N E C  FROM 
S I G N A L  F A O I E t G  K E A S U R E C E h T S  C N  L U N A R  R P C A R  
E C H O E S  A 6 3 -  1 1 6 5 2  

R A D I O  E M I S S I O N  
L U N A R  R A D I O  E M I S S I O N  
A 1 0 - 6  2- 149  N 6 2 - 1 6 8 8 8  

R A D I O M E T R I C  M E A S U R E M E N T S  I N  R A D I O  ASTRONOMY - SUN, 
MOON, VENUS,  J U P I T E R ,  G A S  SPECTRA,  A N 0  O T H E R  R A D I O  
E M I S S I G N  S O U R C E S  N 6 4 -  10929 

L I N E A R  P O L A R I Z A T I C N  O F  L U N A R  R A O I O  E M I S S I O N  A i  4 
W A V E L E N G T H  O F  3.2 CM 663-17309 

R A D I O  E C I S S I C N  FRCP T H E  MOCN T C  D E T E R M I N E  I T S  
P H Y S I C A L  S T A T E  A N C  T H E  N A T U R E  C F  I T S  S U R F A C E  

P 6 3 - 1 8 4 1 6  

I N T E N S I T Y  O F  T H E  R A C I O  E M I S S I O N  FROM T H E  WDON A T  A 
W A V E L E N G T H  O F  4 CM A 6 3 - 1 8 4 2 0  

R A D I O  E M I S S I O N  F R C M  T H E  MOON A T  A W A V E L E N G T H  O F  
2.3 CM W I T H  T H E  P O L K O V C  L A R G E  R A D I O  T E L E S C O P E  

A 6 3 - 1 8 4 2 2  

O E T E R M I N A T I O N  O F  T H E  T H E R M A L  C C N D U C T I V I T Y  O F  L U N A R  
M A T E R I A L  F R C M  P R E C I S E  M E A S U R E M E N T S  C F  L U N A R  R A D I O  
E M 1  S S I O N  A 6 3 - 1 8 9 0 4  

R A D I O  P R O B I N G  
H I G H  R E S O L U T I C N  R A D A R  T E L E S C O P E  B E I N G  U S E C  T O  
P R O B E  T H E  L U N A R  S U R F A C E  663-18188 

R A D I O  R E F L E C T I O N  
U S E  OF RADIO-ECHI?  T E C H N I Q U E S  I N  D E T E R M I N I N G  T H E  
S U R F A C E  C H A R A C T E R I S T I C S  O F  T H E  MOON 

A 6 3 - 1 7 6 6 2  

R A D I O  S C A T T E R I N G  
NEW E X P L A N A T I C N  O F  T H E  S C A T T E R I N G  O F  R A C I C  WAVES 
FROM T H E  L U N A R  S U R F A C E  A 6 3 - 1 1 8 8 5  

M E A S U R E C E N T S  O F  T F E  R A D I O  E C H O  POWER S C A T T E R E O  B Y  
T H E  L U N P R  S U R F A C E  A 6  3- 18 42 1 

C O M P A R I S O N  O F  T H E C R I E S  C F  R A D I O  S C A T T E R I N G  FROM 
T H E  MOON, G I V I N G  T H E  E L E C T P C M A G N E T I C  AND T H E  
T H E R M O D Y N A M I C  C O N S T P N T S  O F  T H E  L U N A R  S U R F A C E  

A 6 3 - 2 1 2 8 2  

G R O S S  S U R F A C E  ROUGHNESS O F  T H E  MOON S T U D I E D  B Y  
T H E O R E T I C A L  M C O E L S  U S I N G  R A D A R  S I G N A L  S C A T T E R I N G  
C H A R A C T E R I S T I C S  A 6 4 - 1 2 6 3 6  

R A O I O  T E L E S C O P E  
H I G H  R E S O L U T I C N  R A O A R  T E L E S C O P E  B E I N G  U S E E  T O  
P R O B E  T H E  L U N A R  S U R F A C E  A 6 3 - 1 8 1 8 8  

R A D I O  T R A N S M I S S I D N  
P H O T O G R A P H I N G  T H E  O T H E R  S I D E  O F  T H E  ROON 
J P R S - 1 2 5 4 3  N 6 2 - 1 1 9 0 7  

R A D I O A C T I V E  D A T I N G  
R A D I O A C T I V E  D A T I N G  O F  L U N A R  S U R F A C E  

N 6 2 - 1 1 7 9 7  

R A D I O A C T I V E  I S O T O P E  
S O V I E T - B L C C  R E S E A R C H  I N  G E O P H Y S I C S ,  ASTRONOMY. A N D  
S P A C E  S C I E N C E S  /NO. 29 /  1962 
J P R  S- 12  44 5 

R A O I O A C T I V  I T Y  

N 6 3 - 1 1 0 1 3  

L U N A R  T E M P E R A T U R E S .  S U R F A C E  R A D I O A C T I V I T Y ,  A N D  
S O I L  M E C H A N I C S  
S M - 4 3 5 4 4  N 6  3-2 334 1 

R A D I O M E T R Y  
R A D I O M E T R I C  M E A S U R E M E N T S  I N  R A D I O  ASTRONOMY - SUN, 
MOON, VENUS,  J U P I T E R ,  G A S  S P E C T R A .  AND O T H E R  R A D I O  
E M I S S I O N  S O U R C E S  N 6 4 - 1 0 9 2 9  

E R R O R S  I N  M E A S U R E M E N T  O F  T E M P E R A T U R E  O F  T H E  MOON 
A 63- 1090 2 

P L A N E T A R Y  S U R F A C E  I N V E S T I G A T I C N  B Y  E L E C T R C M A G I v E T I C  
R A D I A T I C N  R E F L E C T I O N  P N D  E M I S S I O N  O C S E R V A T I O N  
T E C H N I Q U E S  A 6 4 -  1 3 3 1  7 

R A O I O P H Y S I C S  
MOCN E X P L O R A T I C N  B Y  R A D I C P H Y S I C A L  METHODS 

N 6 2 - 1 5 3 3 1  

RANGE 
L U N A R  E X P L O R A T I O N  - I N S T R U M E N T  L A N D I N G S  

N 6 2 - 1 5 5 0 2  

RANGER L U N A R  L A N D I N G  V E H I C L E  
R A N G E R  L U N A R  L A N D I N G  V E H I C L E  N 6 3 - 1 9 5 4 1  

RANGER P R O J E C T  
S C I E N T I F I C  E X P E R I M E N T S  F O R  RANGER S P A C E C R A F T S  
J P L - T R - 3 2 - 1 9 9  N 6 2 - 1 0 2 6 7  

R O L E  O F  P R O J E C T  RANGER I N  T H E  N A S A  L U N A R  PROGRAM 
A R S  P A P E R - 2 2 3 6 - 6 1  N 6 2 -  1348 8 
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S P A C E  PROGRAMS SUMMARY NO. 37-15 - VOL.  69 
MAR-JUNE 1 9 6 2  - S P A C E  E X P L O R A T I O N  PRCGRAMS 
E S P A C E  S C I E N C E S  
J P L - S P S - 3 7 - 1 5 .  VOL. V I  N 6 2 - 1 3 9 1 4  

RANGER PROJECT 
A R S  P A P E R - 2 4 9 3 - 6 2  

L U N A R  S E I S M C L O G Y  
J P L - T R - 3 2 - 3 2 8  

N 6 2 - 1 4 4 3 3  

N 6 2 - 1 5 1 1 5  

L U N A R  SURFACE S T U D I E S  B Y  U L T R A V I O L E T  S P E C T R O S C O P Y  
N 6 2 - 1 6 0 0 2  

S C I E N T I F I C  E X P E R I M E N T S  F O R  RANGER 111, I V I  A N D  V 
J P L- T R - 3 2 - 1 9  9 /REV. / N 6 2 - 1 7 9 7 6  

P R E F L I G H T  A N A L Y S I S  AND L U N A R  P H O T O M E T R I C  COOEL - 
RANGER SPACECRAFT T V  S Y S T E M  
J P L - T R - 3 2 - 3 8 4  N 6 3 - 1 3 4 4 9  

UNMANNEO LUNAR E X P L C R A T I O N  S P A C E C R A F T  - RANGER,  
S U S V E Y f R .  A Q O  P R O S P E C T O R  P R O J E C T S  
N 4 S A - T M - X - 5 3 1 3 5  1 ~ 6  3- I cab 3 

E X P L O R A T I C N  OF L U N A R  S U R F A C E  - R E Q U I R E M E N T S  FOR 
S O F T - L A N D I N G  V E H I C L E  O F  RANGER P R O J E C T  

N 6 3-2 134 6 

P R O G R E S S  OF SURVEYOR AND RANGER P R O J E C T S  F C R  L U N A R  
E X P L C R A T I O N  N 6 4 -  1340 7 

O R B I T S  A N C  I N S T R U P E h T i T : P h  C F  RGNGER SPbCECRAF:, 
AND T H E I R  USE I N  t X P L O R I N G  T H E  MOON, T H E  P L A N E T S  
A N 0  I N T E R P L A N E T A R Y  S P A C E  ~ 6 3 - 1 4 3 8 1  

S T A T U S  OF THE RANGER PROJECT,  A PRCGRAM F C R  
O B T A I h I N G  LUNAR S U R F A C E  OATA I N  P R E P A R A T I O N  FOR 
MANNED F L I G H T S .  N O T I N G  R E S U L T S  O F  T b E  F C U R  RANGER 
F L I G H T S  A 6 3 - 2 3 4 4 9  

R A N G E R  I11 LUNAR PROBE 
L U N A R  S E I S P C G R A P H  E X P E R I M E N T  - RANGER 3. 4 9  5 
J P L - T R - 3 2 - 2 7 2  N 6 2 - 1 5 1 1 7  

RANGER PROJECT - T E L E V I S I O N  S Y S T E M  A N A L Y S I S  A N 0  
L U N A R  P H O T O M E T R I C  C C O E L  - RANGERS 111, I V  AND V 
S P A C E  PROBES 
J P L - T R - 3 2 - 3 8 4 / R E V S /  N 6  3- 1 5  244 

R A N G E R  I V  LUNAR PROBE 
L U N A R  S E I S M O G R A P H  E X P E R I M E N T  - RANGER 39 4r  5 
J P L - T R - 3 2 - 2 7 2  N 6 2 - 1 5 1 1 7  

RANGER PROJECT - T E L E V I S I O N  S Y S T E M  A N A L Y S I S  A N 0  
L U N A R  P H O T O M E T R I C  MCOEL - R A N G E R S  111. I V  A N 0  V 
S P A C E  PROBES 
J P L - T R - 3 2 - 3 8 4 / R E V . /  N 6 3 -  1 5 2 4 4  

R A N G E R  V LUNAR P R O B E  
L U N A R  S E I S M O G R A P H  E X P E R I M E N T  - RANGER 3 r  4, 5 
J P L - T R - 3 2 - 2 7 2  N 6 2 - 1 5 1 1 7  

R E F L E C T E O  RAY 
A P P A R E N T  ALBEOOES C F  S E P A R A T E  C E T A I L S  O F  L U N A R  
S U R F A C E  TRANSFORMED TO S U C H  C H A R A C T E R I S T I C S  O F  
R E F L E C T I V I T Y  A S  G E C M E T R I C A L  A N 0  S P H E R I C A L  A L B E O O E S  

1 6 4 - 1 3 2 3 2  

R E F L E C T I O N  
S T A T I S T I C A L  P R O P E R T I E S  OF M I C R O W A V E  F I E L D S  N E A R  A N  
I R R E G U L A R  R E F L E C T I N G  S U R F A C E  W I T H  A P P L I C A T I O N  T O  
S O F T  L U N A R  L A N C I N G  
R 6 2 E L  5-42 N 6 2 - 1 7 9 4 0  

S T U D Y  OF R E F L E C T I O N  L A W S  O F  A V A R I E T Y  OF S U R F A C E S  
W I T H  A P P L I C A T I O N  O F  T H E I R  P R O P E R T I E S  T O  L U N A R  
S U R F A C E  
C R S R - 1 3 9  N 6 3 - 1 4 0 8 7  

A N A L Y S I S  OF ROCKS AND M I N E R A L S  B Y  R E F L E C T E O  
I N F R A R E D  R A D I A T I O N  N 6 3 -  16 189 

R E F L E C T I O N  C O E F F I C I E N T  
E M I S S I V I T Y  O F  T H E  L U N A R  S U R F A C E  AT C E N T I M E T E R  
W A V E L E N G T H S  A 6 3 - 1 7 3 0 5  

R E L I E F  M A P  
L U N A R  S E L E N O G R A P H Y  - R E O E T E R M I N A T I O N  O F  L I e R A T I O N  
C O N S T A N T S ,  L U N A R  S P H E R I C I T Y  MEASUREMENTSI  
M I C R O R E L I E F  P H O T O I N T E R P R E T A T I O N  
A F C R L - 6 3 - 4 0 6  

MCON A T L A S  W I T H  MAPS. P H C T C G R A P H S  O F  P R @ G R E S S I V E  
P H A S E S ,  G A Z E T T E E R  A N 0  A D E S C R I P T I V E  T E X T  F O R  U S E  
I N  L U N A R  S U R F A C E  F O R M A T I O N S  A 6 3 - 2 1 3 8 4  

N 6  3- 1 52 2 3 

R E N D E Z V O U S  
MAN-TO-MOON AND R E T U R N  M I S S I O N  U T I L I Z I N G  L U N A R  
S U R F A C E  R E N D E Z V O U S  
A R S  P A P E R - 2 4 7 9 - 6 2  N 6 2 - 1 4 4 3 4  

1-22 

R E T U R N - T O - E A R T H  P H A S E  
A S C E N T  FROM L U N A R  S U R F A C E  - S I N G L E  S T A G E  R O C K E T  I N  
R E T U R N  TO E A R T H  P H A S E  O F  S P A C E  M I S S I O N  
N A S A - T N - 0 - 1 6 4 4  N 6 3 -  16987 

ROCK 
D Y N A M I C  P E N E T R A T I O N  S T U C I E S  I N  C R U S H E D  ROCK U N D E R  
A T M O S P H E R I C  A N 0  VACUUM C O N D I T I O N S  
J P L - T R - 3 2 - 2 4 2  N 6 2 - 1 4 0 8 5  

G E C L O G I C A L  A N 0  T H E R M O D Y N A M I C  A S P E C T S  OF L U N A R  
R O C K S  
A F C S R I O R A - 6 2 - 1 1  N 6 2 - 1 7 4 9 2  

M E A S u R I N G  ROCK A k D  SOiL S i R E N G T n  P R O P E R T I E S  A T  T H E  
S U R F A C E  O F  T H E  MOON 
J P L-T 17-32- 374 

A N A L Y S I S  O F  R O C K S  A N 0  M I N E R A L S  B Y  R E F L E C T E O  
I N F R A R E D  R A D I A T I O N  N 6 3 -  1 6 1  8 9 

N 6 3 -  1 2 9 2 2  

E V I O E N C E  C F  G R A N I T I C  R O C K S  I N  L U N A R  C R U S T  FROM 
MCRPHOLOGY O F  T H E  L U N A R  S U R F A C E  - T E K T I T E S  

N 6 3 - 1 7 1 0 8  

L U N A R  S U R F A C E  H I G H  F R E Q U E N C Y  S P U T T E R I N G  Y I E L D  
R E L A T E C  T O  I O N  BOMBARDMENT O A T A  F O R  POWDERED ROCK 
N A S  A-C R-5 0 229 N 6 3 -  1 7 2 0 4  

R C C K E T  
C E L E S T I A L  GEODESY 
N A S A  T N  0-1155 N 6 2 - 1 0 4 7 3  

A S C E N T  FROM L U N A R  S U R F A C E  - S I N G L E  S T A G E  R C C K E T  I N  
R E T U R N  TC E A R T H  P H A S E  O F  S P A C E  M I S S I O N  
NASA-  T N-0- 1644 N 6  3- 169 8 7 

R O C K E T  E X H A U S T  
A C T I O N  OF H Y P E R S O N I C  J E T  O N  O U S T  L A Y E R  - R E L A T E D  
T O  L U N A R  S U R F A C E  E R O S I O N  B Y  R O C K E T  E X H A U S T  
I A S - P A P E R - 6 3 - 5 0  N 6 3 -  1289 4 

C A L C U L A T I N G  T H E  FLOW F I E L O  O F  A N  E X k A U S T  P L U M E  
I M P I N G I N G  C N  A S I M U L A T E D  L U N A R  S U R F A C E  

A 6 3- 1 79 8 7 

E S T I M G T I N G  T H E  V E L O C I T Y  A N 0  S I Z E  O F  P A R T I C L E S  
BLCWN AWAY B Y  R O C K E T  E X H A U S T  I M P I N G I N G  ON T H E  
S U R F A C E  O F  T H E  MOON 
A I A A  P A P E R  63-199 A 6 3- 1 8 4 2 5 

R O C K E T  P H O T O G R A P H Y  
L U N A R  F A R  S I D E  O B S E R V A T I O N S  F O R  T H E  T H I R O  S O V I E l  
L U N A R  PROBE,  I N C L U C I N G  A S C h E M A T I C  P A P  

A 6 4 - 1 2 6 3 4  

P H O T O G R A P H I C  T E C H N I C U E S  F O R  E V A L U A T I O N  O F  R O C K E T  
C B S E R V A T I C N S  C F  L U N A R  F P R  S I O E  B Y  T I - I R C  S O V I E T  
L U N A R  P R O E E  A 6 4 -  1 2 6 3  5 

R C U G H N E S S  
R A D A R  B A C K - S C A T T E R  T H E O R I E S  F O R  N E A R - V E R T I C A L  



S E I S M O M E T E R  F O R  RANGER L U N A R  L A N C I N G  
N 6 2 - 1 3 6 6 1  

S 
S A F E T Y  

CREW S A F E T Y  E S U R V I V A L  A S P E C T S  O F  L U N A R  L A N C I N G  
N 6 2 - 1 2 8 6 6  

S A T E L L I T E  
N A S A  O B S E R V A T O R Y  R E P O R T S  N 6 2 - 1 0 2 9 2  

C E L E S T I A L  GEOCESY 
N A S A  T N  0-1155 N 6 2 - 1 0 4 7 3  

I N F R A R E D  S P E C T R A L  A N A L Y S I S  O F  L U N A R  S U R F A C E  FROM 
O R 8 i T i N G  S P A C E C R A F T  N 6  3- i 466 8 

S A T E L L I T E  C O M H U N I C A T I O N  
P H C T O G R A P H I N G  T H E  O T H E R  S I D E  O F  T H E  MOON 
J P R S - 1 2 5 4 3  N 6 2 -  11907 

S A T E L L I T E  D E S I G N  
M I N E R A L O G I C A L  S A T E L L I T E  - M A P P I N G  O F  M I N E R A L O G Y  E 
T E M P E R A T U R E  OF L U N A R  S U R F A C E  B Y  REMOTE I N F R A R E D  
S P E C T R A L  M E A S U R E M E N T S  N 6 4 -  123 5 1 

S A T E L L I T E  O R B I T  
SUMMARY O F  R E P O R T S  ON L U N A R  E X P L O R A T I O N  
A S T R O D Y N A M I C S .  A N D  S P A C E  V E H I C L E  R E C O V E R Y  

N 6  3- 1 2  149  

S C A T T E R  P R O P A G A T I O N  
R A D A R  S C A T T E R I N G  FROM T H E  L U N A R  S U R F A C E  A T  
W A V E L E N G T H S  O F  3.6, 6 8 1  ANC 784 C E N T I N E T E R S  

A 6 3 - 1 1 6 5 1  

S C A T T E R I N G  
T H E  P H Y S I C A L  P R O P E R T I E S  O F  T H E  MOON A N D  P L A N E T S  
R M - 3 0 2 2 - J P L  N 6 2 - 1 0 4 0 4  

R A C I O  C H A R A C T E R I S T I C S  O F  L U N A R  S U R F A C E  M A T E R I A L  
N 6 2 - 1 0 5 5 9  

T H E C R E T I C A L  M O D E L  F O R  S C A T T E R I N G  FROM ROUGH 
S U R F A C E S  W I T H  MCDN AND S E A  A P P L I C A T I O N S  

N 6 2 - 1 0 7 5 6  

R A C A R  B A C K - S C A T T E R  T H E O R I E S  F O R  N E A R - V E R T I C A L  
I N C I D E N C E  A N 0  T H E I R  A P P L I C A T I O N  T O  A N  E S T I M A T E  C F  
L U N A R  S U R F A C E  R C U G H N E S S  
E E - 6 7  N 6 2 - 1 1 7 5 4  

S T U C I E S  O F  P H Y S I C A L  P R O P E R T I E S  O F  T H E  MOCN A N 0  
P L A N E T S  
A R - 1 5 - J P L  N 6 2 - 1 1 8 0 6  

A L U N A R  THEORY R E A S S E R T E D  N 6 2 - 1 2 4 5 9  

L I G H T  S C A T T E R I N G  A N 0  P H O T O M E T R I C  R E L I E F  C F  T H E  
L U N A R  S U R F A C E  
NA S A - T T - F - 7 5  N 6 2 - 1 5  123 

A R - 2 6 - J P L  N 6 3 - 1 1 4 0 7  

S O L U T I O N  O F  I N T E G R A L  E Q U A T I O N  F,OR L U N A R  S C A T T E R I N G  
F U N C T I G N  - M E A S U R I Y G  L U N A R  S C A T T E R I N G  P R O P E R T I E S  
W I T H  C O N T I N U O U S  WAVE R A D A R  N 6  3- 1 e0 5 1 

C O M P A R I S O N  OF R A D A R  B A C K  S C A T T E R I N G  M E A S U R E M E N T S  
F R @ M  M O O N - L I K E  S U R F A C E S  T O  L U N A R  S C A T T E R I N G  C A T A  
S U R F A C E  R O U G H N E S S  - O I E L E C T R I C  C G N S T A N T  E S T I M A T E S  
N A SA-CR-5 0 3 0 4  

NEW E X P L A N A T I C N  O F  T H E  S C A T T E R I N G  O F  R A D I O  N A V E S  
F R C M  T H E  L U N A R  S U R F A C E  A63- 11885 

P H Y S I C A L  C C N S T A k T S  O F  T H E  LUNA?. S U R F A C E  AS 
I N C I C A T E D  B Y  I T S  R A D 4 R  S C A T T E R I N G  AND T H E R M A L  
E M I S S I O N  P R C P E R T I E S  A 6 3 - 1 8 4 2 3  

P H O T O M E T R I C  S T U D Y  O F  T H E  O P T I C A L  S C A T T E R I N G  ANC 
R E F L E C T I C N  C H A R A C T E R I S T I C S  O F  C O M P L E X  S U R F A C E S  

P H Y S I C A L  P R O P E R T I E S  O F  T H E  MOON AND P L A N E T S  

N 6  3-1 839 5 

I N C I C A T E S  T H A T  T H E  MOON I S  C O V E R E D  B Y  A L A Y E R  O F  
F I N E  ROCK C U S T  663-21754 

S C A T T E R I N G  F U N C T I O N  
S O L U T I O N  O F  I N T E G R A L  E Q U A T I O N  F O R  L U N A R  S C A T T E R I N G  
F U N C T I O N  - M E A S U R I N G  L U N A R  S C A T T E R I N G  P R O P E R T I E S  
W I T H  C O N T I N U O U S  WAVE R A D A R  N 6 3 -  180 5 1 

S E I S H C G R A P H  
D E S I G N  AND C O N S T R U C T I C N  O F  A L U N A R  S E I S M O G R A P H  

N 6 2 - 1 2 4 3 6  

L U N A R  S E I S W O G R A P H  E X P E R I M E N T  - RANGER 3 r  49 5 
J P  L - T R - 3 2 - 2  72 

L U N A R  S E I S M C G R A P H  F O R  S U R V E Y O R  

L U N A R  S E I S M O L O G Y  - I N S T R U M E N T A T I O N  A N 0  V A L U E  
A I A A  P A P E R - 6 3 - 2 5 5  N 6 37 1 7 80 6 

N 6 2 -  15  117 

N 6 2 - 1 6 6 4 9  

D E S I G N  A N D  C C N S T R U C T I O N  OF L U N A R  S E I S M O G R A P H  U S E D  
A S  B A C K - U P  I N S T R U M E N T  F O R  S U R V E Y O R  F L I G H T  - 
S U R V E Y O R  P R O J E C T  
N A S A - C R - 5 0 2 4 5  

R A N G E R  L U N A R  L A N D I N G  V E H I C L E  

N 6 3 - 1 8 2 9 0  

N 6 3 -  1954 1 

S E I S M O L O G Y  
L U N A R  S E I S M O L O G Y  
J P L - T R - 3 2 - 3 2 8  N 6 2 -  1 5 1  15 

S E I S M O M E T E R  
S E I S M O M E T E R  F O R  RANGER L U N A R  L A N D I N G  

N 6 2 - 1 3 6 6 1  

S E L E N O G R A P H Y  . 
L U N A R  S E L E N O G R A P H Y  - R E D E T E R M I N A T I O N  O F  L I B R A T I O N  
C O N S T A N T S ,  L U N A R  S P H E R I C I T Y  MEASUREMENTS,  
M I C R O R E L I E F  P H O T O I N T E R P R E T A i  I O N  
A F C R L - 6 3 - 4 0 6  N 63- 1522 3 

L E A S T  S Q U A R E S  M E T H C O  S T A T I S T I C A L  A P P R O A C H  TO 
L U N A R  S U R F A C E  GEOMETRY N 6  3-2 33 1 1 

S E L E N O G R A P H I C  C O O R D I N A T E S  O F  L U N A R  C R A T E R S  
N A S A - C R - 5 5 2 9 5  N 6 4 - 1 4 2 7 6  

S E L E N O G R A P H I C  C O O R D I N A T E S  O F  C R A T E R S  V I E W E D  O N  
L U N A R  S U R F A C E  
N A S A - C R - 5 5 2 9 7  N 6 4 - 1 4 2 8  1 

C A T A L O G  O F  L U N A R  C R A T E R S  W I T H  S E L E N O G R A P H I C  
C O O R D I N A T E S  AND C R A T E R  D I M E N S I O N S  
N A S A - C R - 5 5 2 9 6  N 6 4 -  142 82 

S E L E N O G R A P H I C  C O O R D I N A T E S  O F  C R A T E R S  O B S E R V E 0  
ON S E L E C T E D  P C R T I O N  OF MCCN S U R F A C E  
N A S A - C R - 5 5 5 4 7  N 6 4 -  15538 

S E L E N O G R A P H I C  C D O R C I N A T E S ,  O I A M E T E R I  AND S H A P E  O F  
C R 4 T E R S  O B S E R V E D  ON S E L E C T E D  P O R T I C N  O F  L U N A R  
S U R F A C E  
N A S A - C R - 5 5 5 3 6  N 6 4 - 1 5 9 0 0  

S I M U L T A N E O U S  D E T E R M I N A T I O N  O F  T H E  SELENOGRAPHIC 
C O O R D I N A T E S  O F  T H E  C R A T E R  M D E S T I N G  AND I T S  H E I G H T  
ABC!VE T H E  M E A N  L E V E L  O F  T H E  MOON 

A 6 3- 1 896 7 

MOON A T L A S  W I T H  MAPS, P H O T O G R A P H S  OF P R O G R E S S I V E  
P H A S E S ,  G A Z E T T E E R  AND A D E S C R I P T I V E  T E X T  F O R  U S E  
I N  L U N A R  S U R F A C E  F O R M A T I O N S  A 63-2 1384 

L U N A R  S U R F A C E  M O D E L S  A R E  U S E D  I N  T H E  S T A T I S T I C A L  
AND T H E R M O M E C H A N I C A L  S T U D Y  O F  T H E  S U R F A C E  GEOMETRY 
A N 0  S C I L  S T R E N G T H  OF T H E  L U N A R  M A R I A  

A 6 3 - 2 3 4 1 9  

U.S. A I R  F O R C E  PROGRAM F O R  P R O D U C I N G  MAPS,  C H A R T S  
AND P H C T O G R A P H S  O F  T H E  MOON AS A I D S  T O  L U N A R  
E X P L O R A T I C N  P R O J E C T S  

A C C U M U L A T E D  I N F O R M A T I C N ,  I N C L U D I N G  100 
P H O T C G R A P H S .  O F  T H E  L U N A R  S U R F A C E  / M O U N T A I N S .  

A 63- 2 3 4 2  0 

1-23 



C R A T E R S ,  P L A I N S ,  S E A S /  UNCER V A R I G U S  PI 'ASES A N r  
I L L U M I N A T I C N  C O N O I T I O N S  A 6 3 - 2 3 4 7 8  

G E C P E T R I C  ANC K I N E P A T I C  F O R M U L A S  ANC C C C P L T I N G  
M E T H C C 5  C F  M A T H E M A T I C A L  S E L E N O G R A P H Y  

AC4-  1 2 6  3 3 
S E L E N O L O G Y  

O I S C U S S I O N  OF G E R S T E N K O R N S  THEORY T H A T  T H E  MCCN 
WAS O R I G I N A L L Y  A P L A N E T ,  W H I C H  WAS C A P T U R E C  B Y  
T H E  E A R T H  A 6 3 -  1 2 6 3  8 

P R E S E h T A T I C N  OF A H Y P O T H E S I S  TO E X P L A I N  T H E  
P R E O O M I N A N C E  OF M A R I A  ON TI'€ N E A R  S I O E  O F  T H E  
L U N A R  SURFACE A 6 3 -  1 2 0 4 C  

TOPOGRAPHY AYD T E C T O N I C S  C F  THE L U N A R  S T R A I G H T  
WALL,  W H I C P  I S  F O U N D  T C  B E  A D I P - S L I P  F A U L T  W I T H  
T P E  UPTHROW G I P P I N G  G E N T L Y  AWAY F R O P  T H E  F A U L T  

A 6 3 - 1 3 1 7 2  

B R I E F  C C N S I D E R A T I O N  O F  G E C L O G I C A L  A N 0  
S E L E N G L O G I C A L  PROCESSES,  A N 0  T H E  I M P L I C A T I C N S  C F  
T H E  S C U T H - A U S T R A L I A N  R I N G  S T R U C T U R E S  

A 6 3 -  1 5  5 1 2  

C C L L E C T I G h  CF P A P E P S  C E A L I N G  W I T H  L C N A R  
I N V E S T I G A T I O N S ,  I N C L U C I N G  R O C K E T  E X P L U 3 A T I C N .  
R A C I O  C B S E R V A T I C N S .  S E L E N C C E S Y .  THE L U N A R  SURFACE 
AND T H E  LClNAR G L C B E  A 6 3 -  1 6  37  1 

S C H E M A T I C  CHART W h I C H  SHOWS TbE C ' I S T Q I e L T I C N  OF 
T H E  B R I G H T h E S S  O F  107 F E A T L R E S  C N  TPE M A R C I N A L  
V I S I B L E  S I C €  OF T H E  M@ON. AND O N  I T S  F A R  S I D E ,  AS 
D E T E C T E D  B Y  PHOTCGRAPI'S T A K E N  B Y  L U N I K  I 1 1  

6 6 3 -  1 e 3 7 4  

METHOC F O R  F I N D I N G  T H E  C E N T E R  O F  T H E  MOON B Y  
S U P E R I M P O S I N G  S U R F A C E  P R O F I L E S  FROM V A R I O U S  MAPS 
A N 0  T A K I N G  THE M E 4 L  V A L U E S  O F  T H E S E  P R C F I L E S  AS 
T H E  O E S I R E C  P C S I T I C N  A 6 3 -  1 8 3 7 7  

F O R  C H E C K I N G  T H E  A V A I L A B L E  C H A R T S  ANC M O C E L S  O F  
T H E  G E N E R A L  F I G U R E  O F  THE MCCN 

6 6 3 - 1 8  3 7 9  

E S T I P A T I C N  CF T H E  R E L A T I V E  L C C A T I O N S  O F  A NUMBER 
C F  C G N T R C L  P C I h T S  C N  T H E  S U R F A C E  CF T H E  MCCN B Y  
G E O M E T R I C  MEANS. I N D E P E N O E N T  O F  P H Y S I C A L  L U N A R  
T H E O R Y  P C 3 -  18382 

B R I E F  C O N S I C E R A T I C N  O F  T H E  TWC M A J C R  S E L E N O D E T I C  
P R C B L E M S  6 6 3 -  1 e 3 8 3  

P E T H C O  U S E 0  I h i  T H E  P R O C U C T I O N  O F  A L A R G E - S C A L E  
P H O T O G R A P H I C  P A P  C F  TI'€ VCCN A 63- 1 8  38  5 

A P P L I C A T I O N  OF G E C S C I E N C E S  TO MANNEC L U N A R  
E X P L O R A T I O N ,  I N  TERMS OF T E R R A I N ,  RCCKS.  P I N E R A L S t  
POWER A N 0  TCCLS 6 6 3 - 1 8 3 9 0  

e R I E F  R E V I E k  CF T H E  F E A T U R E S  C P S E R V E O  C N  T H E  MOON 
B Y  C A S T G G R A P H I C  A N 0  T P P O C R A P H I C  S T U C I E S  I N  O R D E R  
TO S L P P L E M E h T  T H E  D E F E C T I V E  R E S b L V I h G  PCWER G F  
A V A I L A B L E  PHCTCCRAPHS 6 6 3 - 1 6 3 9 6  

E X A M I N A T I O N  CF ThE I N F C R P A T I O N  A N 0  F Y P O T H E S E S  
C O Y C E R N I Y Z  THE N A T U R E  OF T H E  U P P E 2  L A Y E R  O F  T H E  
L U N A R  C R U S T  A 6 3 - 1 8 4 0 0  

G R I G I h S  C F  L L h A R  P A R I A S  P R C S E C  F R C C  C A T A  C F  T H E I R  
P H Y S I C A L  ANI: C H E P I C A L  C H A R A C T E R I S T I C S  

4 t 3 - 2 C G 7 6  

BOOK CONCERNING L U h 4 R  E X P L O R A T I C h i r  C C V E P I N G  N A T U R E  
O F  T H E  PGONI S P A C E C R A F T  S Y S T E M S ,  T E C P N I G U E S  FOR 
L A U N C H ,  P I D C C L R S E ,  R E h G E Z V C U S ,  L A N C I h C  A h C  R E T U R N  
P H A S E S  OF THE LUhiAR F L I G h T  1 6 3 - 2 3 4 1 7  

L U N A R  C H E P I C A L  C O # P @ S I T I C h .  H Y C R C S T A T I C  
E Q U I L I B R I U P ,  T I ' kRMAL H I S T L S Y  A N D  P A T C R I A L  
E V A P C R A T I O N  ARE C O N S I C E R E O  I N  P S T U C Y  C F  TI-E 
I N T E R N A L  STRLCTURE O F  T H E  MOON 

~ 6 3 - 2 3 4 1 8  

C R I G I N  C F  THE L U N A R  W A L L E C  P L A I N  P T C L E C A E U S  
C E C U C E O  FROM T E C T C N I C  R E L A T I C N S  RCTWEEY D I V E R S E  

F E A T U R E S  I N  P T C L E M A E U S  ANC THE G R I C  S Y S T E N S  I N  I T S  
V I C I N I T Y  4 6 3 - 2 4  112 

G E C L C C V  i F  L U h A R  S b R F A C E  I h  V I E k  C F  3 E C L I R E P f h T S  
F C R  S E L E C T I N G  A S I T E  F C R  C C N S T R U C T I h G  ANC 
M A I N T A I N I N G  A L U N A R  B A S E ,  C O V E R I N G  V O L C A N I C  
MECHAhi I S M  S A 6 4 - 1 1 4 6 1  

S I L I C A T E  
P R O C E S S E S  F O R  U T I L I Z A T I O Y  O F  L U N A %  R E S O U R C E S  - 
R E O U C T I O h  O F  S I L I C A T E S  TO P R O D L C L  C X Y L E N  
NA S A - C R - 5 2 3 1 8  N 6 4 -  10 179 

S I M U L A T I O N  
P E N E T R A T I O N  S T U D I E S  O F  S I M U L A T E 0  L U N A X  O U S l  

Y 6 ? - 1 0 3 7 2  

F E A S I B I L I T Y  OF S I M U L A T I N G  RADAR A Y A L Y S I S  O F  T H E  
MOON 
A F C R L - 6 2 - 1 1 2 0  N b 3 -  1 2 3 6  2 

T H E R M A L  P R O P E R T I E S  O F  S I M U L A T E D  L U N A R  M A T E R I A L  
I N  A I R  A N 0  I N  VACUUM 
J P L - T R - 3 2 - 3 6 8  N 6 3 -  1 3 7 6 7  

S I M U L A T I O N  O F  THE E F F E C T  O F  S O L A R  W I N D  BOMBARDMENT 
ON T H E  L U N A R  S U R F A C E  
N A S A - C R - 5 1 0 e 2  N 6 3 - 2  11 11 

S T A T I C  B E A R I N G  C A P A C I T Y  OF S I M C L A T E O  L U N A R  
S U R F A C E S  I N  VACUUM 
N A S A - C R - 5 1 3 1 8  N 6 3-2 17 3 3 

S O F T  L A N D I N G  
L U N A R  P R O P E R T I E S  - M E A S U R I N G  FROM A S C F T - L A N C E R  
J P L - T R - 3 2 - 2 8 2  

S T A T I S T I C A L  P R C P E R T I E S  CF M I C R C h A V E  F I E L C S  N E A R  A N  
I R R E G U L A R  R E F L E C T I N G  S U R F A C E  H I T H  A P P L I C A T I O N  TO 
S O F T  L U N A R  L A N D I N G  
R 6 2 E L S - 4 2  N 6 2 - 1 7 9 4 C  

E X P L O R A T I O N  C F  L U N A R  S U R F A C E  - R E P U I R E E ' E N T S  F@R 
S O F T - L A N D I N G  V E H I C L E  O F  RANGER P R O J E C T  

N 6 2 - 1 7 3 4 1  

N 6 3 - 2  1346 

TOUCHDOWN DYNUAMICS A N A L Y S I S  OF S P A C E C R A F T  FOR S O F T  
L U N A 9  L A N D I N G  
NASA-T N-0-2001 1 4 6 4 - 1 T 0 7 L  

S C I L  
E V A L U A T I O N  OF I N F R A R E D  S P E C T R O P H O T O M E T R Y  F O R  
C O C P O S I T I O ~ Y A L  A h A L Y S E S  OF L U N A R  E P L A N E T A R Y  S C I L S  

N b 2 - 1 4 6 4 1  

M E A S l i R I N G  ROCK A N 0  S O I L  S T R E N G T H  P R C P E R T I E S  A T  T H E  
S U R F A C E  O F  THE MCON 
J P L - T S - 3 2 - 3 7 4  

I N F R A Q E D  S P E C T R O P H C T C C E T R Y  F O R  L U N A R  A N 0  P L A N E T A R Y  
S O I L  A N A L Y S I S  
N A S A - T N - 0 - 1 8 7 1  N 6 3 - 1 4 4 0 6  

L U N A R  S O I L  A S  SOURCE OF C X Y G E N  

' 4 6 3 - 1 2 9 2 2  

N 6 3 - 1 4 9 8 9  

O E T E R M I N A T I C N  C F  S O I L  P R O P E R T I E S  U Y D E R  L U N 4 Y  
E N V I R O N M E N T A L  C G N O I T I C N S  
N A S A - C R - 5 0 9 3 0  

L U N A R  T E P P E R A T U R E S ,  S U R F A C E  R A C I C A C T I V I T Y I  A N 0  
S O I L  M E C H A N I C S  
s M- 4 3 5 44 

L U N A R  S C I L  B E H A V I C R ,  G P O S S I B L E  E F F E C T S  OF VACUUM 

N 6 3 - 2 1 0 4 4  

N 6 3 - 2 3 3 4  1 

N 6 4 -  1 3 7  10 

C C N T R O L L E O  T E M P E R A T U R E - P R E S S U R E  E X P E R I M E N T S  W I T F  
I G N E O U S  M E T E C R I T E S  P R C V I O E S  L I M I T E O  C A T A  OY LULCAR 
S O I L  
A S T M  P A P E R  1 7 5  6 6 3 - 2 0 6 7 6  

S C L A R  COSMIC R A Y  
C C S P I C  R A Y  h A Z A R C S  I h  S O L A R  S Y S T E M  C C N S I C E R E C  F R O P  
M t A S U R E P E h T 5  C F  C C S P I C  R A Y  E X F R G Y  A h 0  C b A R C E  

1 - 2 4  



S P E C T R A  N E A R  E A R T H  ANC I N  I N T E R P L A N E T A R Y  S P A C E  
NEAR EARTH,  T O G E T H E R  W I T H  I N T E R A C T I C N  O F  C C S M I C  
R A Y S  k I T h  P C C N  S U R F A C E  
A I A b  P P P E R  6 4 - 6 6  A 6 4 -  1 2 1 6  4 

S O L A R  E C L I P S E  
F C R  C H E C K I N G  T E E  A V A I L A B L E  C H A R T S  A h C  V O C E L S  O F  
T H E  G E N E R A L  F I G U R E  OF T H E  M O O N  

A 6 3 - 1 8 3 7 9  

S O L A R  P R O T O N  
P H Y S I C A L  P R C P E R T I E S  OF T H E  MOON A N 0  P L A N E T S  
R M - 2 9 0 0 - J P L  N 6 2 - 1 1 2 8 6  

S O L A R  R A O I A T I O N  
S P A C E  A N 0  P L A N E T I R Y  E N V I R O N N E N T S  
A F  S U R V E Y S  I N  G E O P H Y S I C S - 3 9  N 6 2 - 1 1 4 6 0  

S O L A R  S P E C T R O G R A P H  
FL:CXER:NG OF S T A R  i g A G E S  ilu T E L E S C O P E S  - 
E A R Y C E N T R I C  H I G H  R E L I E F  O F  L I M e  Z O N E  O F  MOON - 
S O L A R  D I F F R A C T I O N  S P E C T O G R A P H  
J P R S - 1 7 3 6 3  N 6 3 - 1 2 2 0 1  

S O L A R  S T R E A M  
E L E C T R O S T A T I C  E R C S I C N  O F  T H E  MOON 

N 6 2 - 1 0 3 3 2  

S O L A R  S Y S T E M  
L U N A R  I N V E S T I G A T I O N S  A N 0  M E T E O R I T E  R E S E A R C H  

N 6 2 - 1 0 1 2 0  

S T U D I E S  OF P H Y S I C A L  P R O P E R T I E S  O F  T H E  MOON A N 0  
P L A N E T S  
A R - 1 5 - J P L  N 6 2 - 1 1 8 0 6  

V A R I A T I C N  O F  P E R C E N T A G E  O F  L U N A R  S H A D E 0  R E G I O N S  
W I T H  C H A N G I N G  E L E V A T I O N  O F  S U N  

N 6 2 -  1 6 3 9 2  

P H Y S I C S  O F  T H E  P L A N E T S  N 6 3 - 1 0 2 2 5  

R A D A R  S T U D I E S  C F  P L A N E T A R Y  S U R F A C E S  
N 6 3 -  10227 

R A D A R  METHODS GF S T U D Y I N G  P L A N E T A R Y  S U R F A C E S  
N 6 3 -  10228 

P H Y S I C A L  P R O P E R T I E S  O F  T H E  MOON AND P L A N E T S  
A R - 2 6 - J P L  N 6 3 - 1 1 4 0 7  

L I F E T I M E S  O F  I C E S  OF COMMCN V O L A T I L E S  /WATER. 
C A R B O N  D I O X I D E .  M E T H A N E /  I N  S O L 4 R  S Y S T E M  

N 6 3 -  15702 

S O L A R  S Y S T E M  C C N S T A N T S  S Y M P O S I U M  - A S T R O N O M I C A L  
U N I T  O E T E R M I N A T I O N S  
N A S A - C R - 5 0 3 9 4  N 6 3 -  1 8 3 7 1  

THEORY C F  T P E  C R I G I N  A N 0  E V O L U T I C N  O F  T H E  SOLAR 
S Y S T E M  E A S E C  ON A S T U C Y  O F  V A R I O U S  P R O P C R T I E S  O F  
T H E  MOON AND O T H E R  B C C I E S  I N  TI-€ S C L b R  S Y S T E M  

A 6 3 -  1 3 8 6 6  

ARGUMENTS C C N C E R N I N G  T P E  S T R U C T U R E  O F  M E T E C R I T E S .  
T H E  V A R Y I N G  C E N S I T I E S  C F  T H E  P L A N E T S ,  T H E  O R I G I N  
CF T H E  P C C N  AFlC R A D I O A C T I V E  H E A T I N G  C F  T H E  
P E T E C R I T E S  A 6 3 - 1 8 3 8 7  

S O L A R  W I N D  
S P U T T E R I N G  E F F E C T S  ON L U N A R  S U R F A C E  - S O L A R  H I N O  
A N 0  M I C R O M E T E C R I T E S  Y 6  3- 15 80 5 

S I M U L A T I O N  O F  T H E  E F F E C T  O F  S O L A R  W I N O  EOHBAROMENT 
C N  T P E  L U N A R  S U R F A C E  
N A S A - C R - 5 1 0 8 2  N 6 3 - 2  11 11 

L U N A R  A T M O S P H E R I C  P,OD€LS - C O N T R 1 3 U T I C b S  FROM 
L U N A R  S U R F A C E  A N 0  S O L A R  W I N O  N 6 4 - 1 3 7 0 4  

S O L A R  W I N O  BCMBAROMENT O F  L U N A R  S U R F A C E  - 
S I M U L A T I O N  W I T H  H Y D R C G E N  I C N  B E A M  

N 6 4 - 1 5 1 7 5  

H Y D R O G E N  I O N  BOMBARDMENT O F  B A S A L T  POHOERS I N  

I N V E S T I G A T I N G  E F F E C T  O F  S O L A R  W I N O  O N  L U N A R  
S U R F A C E  
N A S A - C R - 5 5 7 2 0  N 6 4 - 1 5 8 9 1  

S P U T T E R I N G  R A T E S  O F  L U N A R  S U R F A C E  DUE TO S C L A R  
W I N E  e C M B A R D M E N T  A 6 4 -  1 2 6 8  0 

SCUNO WAVE 
P R O P A G A T I O N  AND A T T E N U A T I O N  O F  A C O U S T I C  WAVES I N  
L U N A R  S U R F A C E  
N A S A - C K - 5 5 4 1 3  N 6 4 - 1 5 9 9 6  

S P A C E  B I O L O G Y  
E X T R A T E R R E S T R I A L  R E S E A R C H  - B I e L I O G R A P H Y  - 
A S T R O B I O L O G Y ,  ASTRONOMY. COSMOLOGYI L U N A R  
T R A J E C T O R I E S ,  A N 0  M E T E O R I T I C  C R A T E R I N G  
A W F L - R T D - T O R - 6 3 - 3 0 2 5  N 6 3 - 1 8 7 7 0  

SPACE C A P S U L E  
R A D I A N T  I I C A T  T R A N S F E R  70 S i E i i i i A T E O  S P A C E  C A P S U L E  
I N  L U N A R  E N V I R O N M E N T  S I M U L A T I O N  CHAMBER 
O R A - 6 3 - 2  N 6 3 - 1 3 4 1 8  

SPACE C O M M U N I C A T I O N  
P R E L I M I N A R Y  STUOY C N  T H E  U T I L I Z A T I O N  OF M E D I U M  
R A C I C  F R E Q U E N C I E S  FOR @ E Y C N D - L I N E - O F - S I G H T  
T R A N S M I S S I O N  ON T H E  S U R F A C E  O F  T P E  MCON 

063-17902 

S P A C E  C C M M U N I C A T I D N S  I N C L U O I N G  S P A C E  T R A C K I N G  ANC 
R A C I O  C C P H A N D  S Y S T E M S  ANC C O M M U N I C A T I O N  S A T E L L I T E S  

664- 1 0  1 6 3  

SPACE E X P L O R A T I O N  
E S T I M A T E S  O F  D E N S I T Y  A N 0  C C M P C S I T I C N  O F  L U N A R  
A T M O S P H E R E  N 6 2 - 1 0  199 

P H O T O G R A P H I N G  T H E  OTHER S I D E  O F  T H E  MOON 
J P R S - 1 2 5 4 3  N 6 2 - 1 1 9 0 7  

S P A C E  PROGRAMS SUCMARY NO. 37-15 - VOL. 6 ,  
M A R - J U N E  1962 - S P A C E  E X P L O R A T I O N  PROGRAMS 
C S P A C E  S C I E N C E S  
J P L - S P S - 3 7 - 1 5 .  VOL.  V I  N 6 2 -  139  1 4  

R A D I O  E L E C T R O N I C S  I N  S O V I E T  S P A C E  E X P L O R A T I O N  
J P R S - 1 5 4 3 0  N 6 2 - 1 6  11 9 

SPACE PROGRAMS SUMMARY NC. 37-17 - V C L  61 J U L Y  T O  
OCT 1962 - S P A C E  E X P L O R A T I O N  PROGRAMS E S P A C E  
S C I E N C E S  
J P L - S P S - 3 7 - 1 7 .  VOL. V I  N 6 3 - 1 0 3 3 4  

P A R A C E T R I C  A N A L Y S I S  C F  POWER S U P P L I E S  FOR A N  
UNMANNED L U N A R  V E H I C L E  O N  A 100 EARTIJ-CAY M I S S I O N  
A N 0  A MANNEO C N E  ON A 7 EARTH-CAY M I S S I O N  
A R S  P A P E R  6 2 - 2 5 2 5  A 6 3 - 1 1 7 2 4  

O R B I T S  A N 0  I N S T R U M E N T A T I O N  O F  RANGER S P A C E C R A F T ,  
ANC T H E I R  U S E  I N  E X P L O R I N G  T H E  MCON, T H E  P L A N E T S  
A N 0  I N T E R P L A N E T A R Y  S P A C E  6 6 3 -  1438 1 

S U R F A C E  E X P L C R A T I O N  O F  T H E  MOON 4 N C  T H E  P L A N E T S  
6 6 3 - 1 4 3 0 2  

D E S I G N  C R I T E R I A  F C R  A L P H A  P A R T I C L E  S C A T T E R I N G  
I N S T R U M E N T S  F O R  L U N A R  S U F A C E  A N A L Y S I S ,  GPS- 
C H R O M A T O G R A P H I C  E Q U I P M E N T ,  N U C L E A R  4 C T I V A T I C N  
A N A L Y S I S  I N S T R U M E N T S ,  A N 0  X-RAY O I F R A C T O M E T E R S  
ANC S P E C T R C M E T E R S  A 6 3 - 2 1 1 3 9  

BOOK C C N C E R N I N G  L U N A R  E X P L O R A T I O N ,  C O V E R I N G  N A T U R E  
OF THE MOON, S P A C E C R A F T  S Y S T E M S ,  T E C H N I Q U E S  F O R  
LAUNCH,  P I C C O U R S E ,  RENOEZVCUS,  L A N D I N G  A N 0  R E T U R N  
P H A S E S  C F  T F E  L U N A R  F L I G H T  A 6 3 - 2 3 4 1 7  

SPACE F L I G H T  
MAN-TO-PCCN A N 0  R E T U R N  M I S S I O N  U T I L I Z I N G  L U N A R  
SURF !C E R E  NO E Z VOU S 
ARS P A P E R - 2 4 7 9 - 6 2  N 6 2 - 1 4 4 3 4  

A S C E N T  F R O M  L U N A R  S U R F A C E  - S I N G L E  S T A G E  R C C K E T  I N  
R E T U R N  TO E A R T H  P H A S E  O F  S P A C E  M I S S I O Y  
N A S A - T N - 0 - 1 6 4 4  N 6 3 - 1 6 9 8 7  

1-25 



H A Z A R O  O F  P R C T C N - I N D U C E 0  I O N C S P H E R I C  R A D I A T I O N  T O  
S P A C E  F L I G H T  S A F E T Y  N 6 3 - 1 8 7 7 5  

D Y N A M I C  A N P L Y S I S  OF A S U C C E S S F U L  L A N O I N G  O F  A 
S P A C E  V E H I C L E  O N  T H E  S U R F A C E  O F  T H E  M L U N  

6 6 3 - 1 6 9 9 4  

P R O B L E P S  I N Y C L V E O  I N  WANNEO L U h A R  M I S S I O N S .  
O I S C U S S I N G  THE ROUND T R I P  F L I G H T .  L U N A R  L A N O I N G  
A N 0  S U R F A C E  O P E R A T I O N S ,  CREW S U R V I V A L  A N 0  A B C R T  
T E C H N I C U E S  A 6 3 - 2 3 4 3 6  

S P A C E  L A B O R A T O R Y  
M E A S U R I N G  ROCK A N 0  S O I L  S T R E N G T H  P R O P E R T I E S  A T  T H E  
S U R F A C E  CF THE MOON 
J P L - 1 2 - 3 2 - 3 7 4  N 6 3 -  12922 

S P A C E  N A V I G A T I O N  
E A R T H  N A V I E A T I C h A L  METHODS E V A L U A T E D  I N  T E R M S  O F  
S O L A R  R A O I A T I O N .  METEORS,  k E A T H E R t  O U S T  A N 0  
TOPOGRAPHY FOUNC ON T H E  MOON A 6 3 - 2 3 4 7 5  

S P A C E  PHOTOGRAPHY 
D E S C R I P T I O N  OF N. K O Z Y R E V S  O B S E R V A T I O N  O F  A N  
O U T B U R S T  OF GAS FROM T H E  C R A T E R  ALPHONSUS,  AND 
PHCTOGRAPHY OF R E V E R S E  S I D E  O F  T H E  MOGN 

6 6 3 - 1 4 3 8 0  

SOME O F  THE S U R F A C E  P R O P E R T I E S  OF T H E  MOCN, 
I N C L U O I N G  AN I N T E R P R E T A T I O N  O F  S U R F A C E  M A R K I N G S .  
P H O T O M E T R Y  AN0 R E C E N T  S O V I E T  O B S E R V A T I O N S  

A 6 3 - 1 7 2 3 4  

I N F O R M A T I O N  L E A R N E D  C C N C E R N I N G  T H E  R E V E R S E  S I O E  O F  
THE MOON FRCM THE F L I G H T  O F  L U N I K  3 

A63-18372 

I N T E R P R E T A T I O h  A N 0  D E S I G N A T I O N  C F  THE F E A T U A E S  C F  
T H E  F A R  S I C E  O F  T H E  MOON A S  S E E N  FROM P H O T O G R A P h S  
T A K E N  FROM L U N I K  I 1 1  6 6 3 - 1 0 3 7 3  

S C H E M A T I C  CHART W H I C H  ShOWS T H E  O I S T R I R U T I C N  O F  
T H E  B R I G H T N E S S  CF 107 F E A T U R E S  C N  T H E  M A R G I N A L  
V I S I R L E  S I D E  C F  THE MOON, A N 0  CN I T S  F A R  S I C E ,  A S  
O E T E C T E O  BY PHCTOGRAPHS T A K E N  B Y  L U N I K  111 

~ 6 3 - 1 8 3 7 4  

P R E S E N T A T I O h  C F  PHOTOGRAPHS O F  O I F F E R E N T  L U N A R  
F O R M A T I C N S  I N  CRDER TO SHOW I M P R O V F M F N T S  I N  
P H O T O G R A P H I C  T E C H N I C U E S  A 6 3 - 1 0 3 9 7  

S P A C E  P R O B E  
N A S A  C B S E R V A T C R Y  R E P O R T S  N 6 2 - 1 0 2 9 2  

SUMMARY OF R E P O R T S  ON L U N A R  E X P L C R A T I O N  
A S T R O O Y N A M I C S .  A N 0  S P A C E  V E H I C L E  R E C O V E R Y  

N 6 3 - 1 2 1 4 9  

PHCTOGRAPHY O F  THE MOON F R C M  S P A C E  P R O R € S  
J P L - T R - 3 2 - 3 4 7  N 6 3 - 1 4 6 7 7  

S I M U L A T I O N  E X P E R I M E N T S  ARE M A C E  TO O E T E R M I N E  L U N A R  
S L ' R F A L t  R t P C T I C N  TC! h LUNAP. F R C e E  ! I . iPACI.  iuCT!ruC 
I M P A C T  FLASH.  F L A S H  O U R A T I C N  A N 0  E M I T T E D - L I G H T  
S P E C T R U M  A 6 3 - 2 3 4 2 1  

S P A C E  PROGRAM 
S P A C E  PROGRARS SUPMASY NO. 37-15 - VOL. 6 1  
MAR-JUNE 1 9 6 2  - S P A C E  E X P L O R A T I O N  PROGRAMS 
& S P A C E  S C I E N C E S  
J P L - S P S - 3 7 - 1 5 ,  VCL. V I  N 6 2 - 1 3 9 1 4  

S P A C E  PROGRAMS SUMMARY NO. 3 7 - 1 7  - V O L  6 s  J U L Y  TO 
OCT 1962 - S P A C E  E X P L O R A T I O N  PROGRAMS & S P A C E  
S C I E N C E S  
J P L - S P S - 3 7 - 1 7 ,  VOL. V I  N 6 3 -  2 0 3 3 4  

S T A T U S  OF THE RANGER P R O J E C T ,  A PROGRAM FOR 
O B T A I N I N G  LUNAR S U R F A C E  D A T A  I N  P R E P A R A T I O N  F C R  
M A N N E D  F L I G H T S ,  N O T I N G  R E S U L T S  G F  T H E  FOUR RANGER 
F L I G H T S  A 6 3 - 2 3 4 4 9  

G E O L O G I C A L  N A T U R E  OF T H E  MCON S T U D I E O  T O  
O E T E R M I N E  LUNAR B A S E  S I T E ,  E M P H A S I Z I N G  V O L C A N I C  
T E R R A I N  ADVANTAGES A 6 4 -  1 1 6 C  8 

S P A C E  R A D I A T I O N  
H A Z A R O  OF P R O T O N - I N O U C E O  I O N O S P H E R I C  R A D I A T I O N  TO 
S P A C E  F L I G H T  S A F E T Y  N 6 3 - 1 8 7 7 5  

C C S M I C  R P Y  H A l A R C S  I N  S O L A R  S Y S T E M  C O N S I C E R E C  F R C P  
M E A S U R E M E h T S  O F  C C S M I C  R A Y  ENERGY A N 0  CHARGE 
S P E C T R A  N E A R  E A R T H  ANC I N  I N T E R P L A N E T A R Y  S P A C E  
N E A R  E P R T H I  T O G E T H E R  k I T P  I N T E R A C T I C N  O F  C C S M I C  
R A Y S  k I T H  CCCN S U R F A C E  
A I A 4  P A P E R  64-66 A 64- 1 2 1  6 4 

S P A C E  S C I E N C E  
S P A C E  PROGRAMS SUPMARY NO. 37-15 - VOL. 67 
MAR-JUNE 1962 - S P A C E  E X P L C R A T I C N  PROGRAMS 
& S P A C E  S C I E N C E S  
J P L - S P S - 3 7 - 1 5 ,  VOL. V I  N 6 2 - 1 3 9 1 4  

R E S E A R C H  SUMWARY NC. 36-12 - V G L  l r  O C T  T O  OEC 
1961  - S P A C E  S C I E N C E .  T R A J E C T O R I E S I  G U I C A N C E  A N 0  
C O N T R O L ,  T E L E C O M M U N I C A T I O N S  
J P L - R S - 3 6 - 1 2 .  VOL. I N 6 2 - 1 6 3 6 3  

S O V I E T - B L O C  R E S E A R C h  I N  G E O P H Y S I C S ,  ASTRONOMYI A N 0  
S P A C E  S C I E N C E S  I N C .  3 6 /  1962 
J P R S - 1 3 9 3 1  N 6 2 - 1 7 7 6 2  

S O V I E T  BLOC R E S E A R C h  Ipi G E O P H Y S I C S ,  ASTRONOPY,  A N 0  
S P A C E  S C I E N C E S  /NC. 4 6 /  1 9 6 2  
J P R S - 1 5 9 7 6  

S P A C E  PROGRAMS SUMMARY NO. 37-17 - V O L  6, J U L Y  T O  
O C T  1962 - S P A C E  E X P L O R A T I O N  PROGRAMS & S P A C E  
S C I E N C E S  
J P L - S P S - 3 7 - 1 7 .  VOL. V I  

SOV!ET 8 L O C  R E S E A R C H  I N  G E U P H Y S I C Z ,  A5TRONOMY.  A N 0  
S P A C E  S C I E h C E S  /NO. 4 8 /  1962 
J P R S - 1 6 4 5 5  N 6 3 - 1 0 5 2 6  

S O V I E T - B L O C  R E S E A R C H  I N  G E C P H Y S I C S .  ASTRONOMY, A N 0  
S P A C E  S C I E N C E S  /NO. 2 9 /  1962 
J P R S - 1 2 4 4 5  N 6 3 -  110 13 

O R I G I N  O F  L I F E  ON E A R T H  R E L A T E 0  TO E X T S A -  
T E R R E S T R I A L  L I F E  N 6 3 - 2 3 4 5 4  

D I S C U S S I O N  CF T H E  S C I E N T I F I C  G e J E C T I V E S  C F  L U N A R  
E X P L O R A T I O N  A 6 3 - 1 2 4 6 5  

O P T I C A L  E C H C E S  FRCM THE L U N A R  S U R F A C E  ARE S T U O I E O  
AS AN E X A M P L E  O F  T H E  U S E  O F  O P T I C A L  MASERS I N  
R A C A R  O E V I C E S  F C R  S P A C E  R E S E A R C H  

N 6 2 -  17 0 8 4  

N 6 3 - 1 0 3 3 4  

A 6 3 - 2 1 4 5 7  

S P A C E  S I M U L A T O R  
O E S C R I P T I O h  CF T E S T  F A C I L I T I E S  U S E 0  T O  D E V i L O r  
MANNED S P A C E C R A F T  A 6 3 - 1 3 3 3 4  

S P A C E  S T O R A G E  
L U N A R  S T O R A G E  O F  L I Q U I D  P R O P E L L A N T S  
N A S A - T N - D - 1 1 1 7  ~ 6 2 -  1 3 8 8 9  

T H E R M A L  A S P E C T S  O F  LONG-TERM STORAGE O F  
P S O P E L L A N T S  ON L U N A R  S U R F A C E  
A 8 5  P A P E R - 2 6 9 0 - 6 2  N 6 3 - 1 1 2 7 3  

S P A C E  V E H I C L E  
L U N A R  8 I B L I O G B A P P Y  
S T L / A B - C 1 - 5 1 1 0 - 4 0  N 6 2 - 1 7 3 0 9  

S P A C E C R A F T  
S C I E Q T I F I C  E X P E R I M E N T S  F O R  RANGER S P A C E C R A F T S  
J P L- TR- 32- 1 '39 

D Y N A M I C  P E N E T R A T I C N  S T U C I E S  I N  C R U S H E D  ROCK U N D E R  
A T M G S P H E R I C  A N 0  VACUUM C O N C I T I O N S  

N 6 2 - 1 0 2 6 7  

J P L - T R - 3 2 - 2 4 2  ~ 6 2 -  1 4 0 8  5 

R A D I O  E L E C T R O N I C S  I N  S O V I E T  S P A C E  E X P L O R A T I O N  
J P R S - 1 5 4 3 0  N 6 2 - 1 6 1 1 9  

L U N A R  B I B L I O G R A P H Y  
S T L / A B - 6 1 - 5 1 1 0 - 4 0  N 6 2 - 1 7 3 C 9  

L U N A R  ROUGP- A N C  S O F T - L A N D I N G  UNMANNEO S P 4 C E C R A F T  
F O R  G E O L O G I C  I N V E S T I G A T I O N S  ~ 6 3 - 1 7 6 5 8  
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S T A T U S  O F  T H E  RANGER PROJECT,  A PROGRAM F O R  
O B T A I N I N G  L U N A R  S U R F A C E  D A T A  I N  P R E P A R A T I O N  FOR 
MANNED F L I G H T S ,  N E T I N G  R E S U L T S  O F  T H E  F O U R  RANGER 
F L I G H T S  A 6 3 - 2 3 4 4 9  

S P A C E C R A F T  D E S I G N  
F A C T O R S  TO @ E  C C W S I O E R E D  I N  P L A N N I N G  P E R M A N E N T  
K A N N E O  B A S E S  CN T H €  XCGN, H I T H  P A R T I C U L A X  E M P H A S I S  
ON S H E L T E R  C E S I G N  A N D  C O N S T R U C T I O N  

A 6 3 - 1 7 9 0 3  

D E S I G N  O B J E C T I V E S  A N 0  U N D E R L Y I N G  A S S U M P T I O N S  F C R  A 
F U N C T I O N A L  P A N N E D  L U N A R  E X P L O R A T I O N  V E H I C L E  

A 6 3 - 1 7 9 0 4  

BOCK C C N i C E R N X N i  L L N A R  E X P L O R A T X O N I  C O V E R I N G  N A T U R E  
O F  T H E  YOCNI S P A C E C R A F T  S Y S T E M S v  T F C H N I Q U E S  F C R  
LAUNCH,  M I D C O U R S E ,  RENOEZVCUSI  L A N D I N G  ANC R E T U R N  
P H A S E S  C F  T H E  L U N A R  F L I G H T  A 6 3 - 2 3 4 1 7  

S P A C E C R A F T  I N S T R U M E N T A T I O N  
S C I E N T I F I C  E X P E R I M E N T S  F O R  RANGER 111. I V ,  A N 0  V 
J P L - T R - 3 2 -  1 9 9 / R E V  ./ 

M E A S U R I N G  ROCK A N D  S O I L  S T R E N G T H  P R O P E R T I E S  A T  T H E  
S U R F A C E  O F  T H E  MOON 
J P L - T R - 3 2 - 3 7 4  N 6 3 - 1 2 9 2 2  

N62- 179 7 6 

I N S T R U M E N T A T I O N  F C R  M U L T I C C I L  I N D U C T I O N  
M E A S U R E C E h T  O F  T H E  L U N A R  S U R F A C E  ANC S U B S U R F A C E  
MAGNETIC s u s c E P T I e i L I r Y  6 6 3 -  1 2 0  2 7  

C R B I T S  A N 0  I N S T R U Y E K T A T I O N  C F  RANGER S P A C E C R A F T I  
A N 0  T H E I R  U S E  I N  E X P L O R I N G  T H E  MOON, T H E  P L A N E T S  
A N 0  I N T E R P L A N E T A R Y  S P A C E  A 6 3 - 1 4 3 8 1  

G A S  B E A R I h G  S P H E R I C A L  RCTCR G Y R C S C O P E  PNC I T S  
P O S S I E L E  U S E  F O R  S P P C E  
A I A A  P A P E R  63-214 A 6 3 -  1 8 4 3  1 

D E S I G N  C R I T E R I A  F C R  A L P H A  P A R T I C L E  S C A T T E R I N G  
I N S T R U M E N T S  FOR L U N A R  S U F A C E  A N A L Y S I S ,  GAS-  
C H R C M L T C G R A P H I C  E C U I P W E N T ,  K U C L E A R  A C T I V A T I C N  
A N A L Y S I S  I N S T R U M E N T S I  AND X-RAY D I F R A C T C M E T E R S  
A N 0  S P E C T R O M E T E R S  A 6 3 - 2  1139 

S P A C E C R A F T  L A N D I N G  
L U N A R  S U R F A C E  B A L L I S T I C S ,  H A Z A R D S  OF S P A C E C R A F T  
L A N D I N G  OR L A U N C H I N G ,  P A R T I C L E S  - E X H A U S T  G A S E S  
N A S A - T N - D -  1526 N 6 3 - 1 3 5 1 5  

D Y N A M I C  A N A L Y S I S  CF A S U C C E S S F U L  L A N O I N G  O F  A 
S P A C E  V E H I C L E  ON T H E  S U R F A C E  O F  T H E  MCON 

~e3-16994  

S P A C E C R A F T  R E C O V E R Y  
SUMMARY O F  R E P O R T S  O N  L U N A R  E X P L O R A T I O N  
A S T R O O Y N A M I C S I  A N 0  S P A C E  V E H I C L E  R E C O V E R Y  

N 6 3 - 1 2  149 

S P A C E C R A F T  S T A B I L I T Y  
T U P B L I N G  M C T I O N S  O F  V E H I C L E  L A N D I N G  O N  A S L R F A C E  
T H A T  I S  N O T  L E V E L ,  S U C H  A S  T H E  MCDN 
A I A A  P A P E R  64-94 A 6 4 - 1 2 7 7 1  

S P E C T R O G R A P H Y  
S P E C T R O G R A P H I C  A N A L Y S I S  O F  NOV. 3, 1958 E R U P T I O N  
O F  A L P H O N S U S  C R A T E R  
A I D - 6 2 - 1 5 0  

S P E C T R O P H O T O M E T R Y  

N 6 2 -  1 6  8 8 9 

E V A L U A T I O N  O F  I N F R A R E D  S P E C T R O P H O T O M E T R Y  FOR 
C O M P O S I T I O N A L  A N A L Y S E S  O F  L U N A R  C P L A N E T A R Y  S O I L S  

N 62- 1464 1 

S P E C T R O P H C T C M E T R I C  S T U D Y  O F  T H E  L U N A R  S U R F A C E  
A F C R L - 6 2 - 1 0 9 6  N 6 3 -  11019 

I N F R A R E O  S P E C T R C P H O T O M E T R Y  FOR L U N A R  AND P L A N E T A R Y  
S O I L  ANALYS:S 
N A S A-T N-0- 187  1 

C O L O R  A N 0  B R I G H T N E S S  OF V A R I O U S  O B J E C T S  C h  T H E  

T H E  L U Y A R  S U R F A C E  A 6 3 -  1 8 4 0 5  

N 6 3 - 1 4 4 C 6  

MOON IN oRnm T C  CETERMINE THE CHARACTERISTICS CF 

S P E C T R O S C O P I C  A N A L Y S I S  
S P E C T R O G R A P H I C  A N A L Y S I S  O F  E M I S S I O N S  FRCM T H E  
A R I S T A R C H U S  C R A T E R  C N  T H E  YCON AND C O M P A R I S O N  O F  
I T S  S P E C T R A  W I T H  H Y G R C G E N  A 6 3 - 2 0 0 3 9  

SPECTROSCOPY 
L U N A R  S U R F A C E  S T U D I E S  B Y  U L T R A V I O L E T  S P E C T R O S C O P Y  

N62- 1600 2 

SPECTRUM 
I N F R A R E D  S P E C T R A L  A N A L Y S I S  O F  L U N A R  S U R F A C E  F R O M  
O R B I T I N G  S P A C E C R A F T  N 6 3 - 1 4 6 6 8  

SPHERE 
L U N A R  S E L E N O G R A P H Y  - R E D E T E R M I N A T I O N  OF L I B R A T I O N  
C O N S T A N T S t  L V N A R  S P H E R I C I T Y  MEASUREMENTS.  
M I C R O R E L I E F  P H O T O I N T E R P R E T A T I O N  
A F C R L - 6 3 - 4 0 6  N 6 3 - 1 5 2 2 3  

S P U T T E R I N G  
S P u T T E i c i i G  E F F E C T S  O N  LUNAR S U R F A C E  - SOLAR W l N U  
A N D  M I C R O M E T E O R I T E S  N 6 3 - 1 5 8 0 5  

L U N A R  S U R F A C E  H I G H  F R E Q U E N C Y  S P U T T E R I N G  Y I E L D  
R E L A T E D  TO I O N  BOMBARDMENT D A T A  F O R  POWDERED ROCK 
N A S A - C R - 5 0 2 2 9  N 6 3 -  17204 

S P U T T E R I N G  E F F E C T S  O N  L U N A R  S U R F A C E  - M E T A L L I C  
E N R I C H M E N T  & A L B E D O  
N A S A - C R - 5 2 5 3 4  N 6 4 - 1 0 6 2 5  

S P U T T E R I h G  R A T E S  O F  L U N A R  S U R F A C E  O L E  TO S C L A R  
W I N D  ECMBARDMENT A 64-  1268 0 

STAR 
S T A R S  ON T H E  W I R E  
J P R S - 1 3 1 6 0  N 6 2- 1 '1 9 2 6 

F L I C K E R I N G  C F  S T A R  I M A G E S  I N  T E L E S C O P E S  - 
B A R Y C E N T R I C  H I G H  R E L I E F  O F  L I M B  ZONE O F  MOON - 
S O L A R  O I F F R A C T I C N  S P E C T C G R A P H  
J P R S - 1 7 3 6 3  

P H O T O M E T R I C  S T U G Y  O F  A S T E R O I D ,  L U N A R  MAP, 
S P E C T R O P H O T C C E T R Y  O F  S T A R S  AND P L 4 N E T S .  AND 
A S T R O N O M I C A L  PHOTOMETRY N 6 3 - 1 5 0 7 7  

N63-12201 

S T A T I S T I C A L  C O R R E L A T I O N  
E S T I M A T I C N  OF T H E  R E L A T I V E  L O C A T I O N S  O F  A NUMBER 
O F  C O N T R O L  P O I N T S  O h  T H E  S U R F A C E  O F  T H E  MOON B Y  
G E O M E T R I C  MEANS,  I N D E P E N D E N T  O F  P H Y S I C A L  L U N A R  
T H E O R Y  A 6 3 - 1 8 3 8 2  

S T A T 1  S T I  C S  
S T A T I S T I C A L  P R O P E R T I E S  O F  M I C R O W A V E  F I E L D S  N E A R  A N  
I R R E G U L A R  R E F L E C T I N G  S U R F A C E  W I T H  A P P L I C A T I O N  T O  
S O F T  L U N A R  L A N D I N G  
R 6 2 E L S - 4 2  N 62- 17 940 

S T E L L A R  O C C U L T A T I O N  
T H E  P H Y S I C A L  P R O P E R T I E S  O F  T H E  MOON A N D  P L P N E T S  
R M - 3 0 2 2 - J P L  N62-10404 

P H Y S I C A L  P R O P E R T I E S  O F  T H E  MOON AND P L A N E T S  
R M - 2 9 0  0- J P L N 6 2 - 1 1 2 8 6  

S T E L L A R  S P E C T R O P H O T O M E T R Y  
P H O T O P E T R I C  S T U D Y  C F  A S T E R O I O ,  L U N A R  MAP, 
S P E C T R O P H C T O M E T R Y  O F  S T A R S  ANC P L A N E T S .  A N D  
A S T R O N O M I C A L  PHOTCMETRY N 6 3 - 1 5 0 7 7  

S T E R E O S C O P I C  P H O T O G R A P H Y  
M E T b O O  FOR F I N D I N G  T H E  C E N T E R  C F  T H E  Y C C N  B Y  
S U P E R I M P O S I N G  S U R F A C E  P R O F I L E S  FROM V A R I O U S  M A P S  
A N 0  T A K I N G  THE M E A N  V A L U E S  C F  T H E S E  P R O F I L E S  AS 
T H E  D E S I R E 0  P C S I T I C h  

D F T E R M I h I N G  T H E  H C R ! L C N T A L  A N 0  V E R T ! C d L  C F N T R O L  
P O I N T S  FOR L U N A R  C A P P I N G  6 6 3 - 1 6 3 8 4  

A 6 3 - 1 8 3 7 7  

STORAGE T A N K  
LUNAR S T O R A G E  OF L i a u I D  PROPELLANTS 
N A S A - T N - 0 - 1 1 1 7  Y 6 2-1 388 9 
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S TRUC TUR E 
I N T E R N A L  STRUCTURE O F  T P E  MOON 
A R S  P A P E R - 2 4 5 5 - 6 2  N 6  2- 144  5 9 

S U R F A C E  GEOMETRY 
C O R R E L A T I C N  OF P U L S E D  R A D A R  G P H O T O G R A P H I C  O A T A  - 
S U R F A C E  GEOCETRY 
N A S A - C R - 5 0 5 3 6  N63- 18 3 2 2  

S U R F A C E  PROPERTY 
S U R F A C E  P R O P E R T I E S  O F  T H E  MOON 

Y 6 2 -  117 1 C 

S T U D Y  O F  R E F L E C T I C N  LAWS O F  A V A R I E T Y  O F  S U R F A C E S  
W I T H  A P P L I C A T I O N  C F  T H E I R  P R O P E R T I E S  TO L U N A R  
S U R F A C E  
C R S R - 1 3 9  N 6 3 -  1408 7 

S U R F A C E  ROUGHNESS 
L U N A R  SURFACES - R A D A R  A N 0  P H O T C G R A P H I C  
D 4 T A  - SURFACE RCUGHNESS 
P R - 3 9  N 6 3 - 1 2 0 4 3  

C O M P A R I S C F I  OF RACAR 8 A C K  S C A T T E R I N G  M E A S U R C M C N T S  
FROM M O C N - L I K E  S U R F A C E S  T O  L U N A R  S C A T T E R I N G  D A T A  
S U R F A C E  ROUGHNESS - D I E L E C T R I C  C O N S T A N T  E S T I M A T E S  
N A S A - C R - 5 0 3 0 4  N 6 3 -  1 8  3 9  5 

S U R F A C E  TEMPERATURE 
I S O T H E R P S  FOP V A R I C U S  L U N b R  C R A T E R  R E G I C N S .  U N C E R  
I L L U M I N A T I O N  A N 0  E C L I P S E  C C h D I T I C N ~ ,  ARE C S T E I l v C C  
B Y  A T H E R H I S T C R  EGLCMETERI  E X A C I N I N G  A N C M A L C U 5  
C O O L I h G  PHENOMENA A 6  3 - 2 3 6 4 0  

SURVEYOR 
L U N A R  E X P L O R A T I O N  

L U N A R  S E I S M O G R A P H  

- I N S T R U M E N T  L A h l O I N G S  
N 6 2 -  1 5 50 2 

FOR SURVEYOR 
S 6 2 - 1 6 6 4 9  

SURVEYOR PROJECT 
S P A C E  PROGRAMS SUMMARY NO. 37-15 - VOL. 6. 
M A R - J U N E  1 9 6 2  - S P A C E  E X P L O R A T I O N  PROGRAMS 
& S P A C E  S C I E N C E S  
J P L - S P S - 3 7 - 1 5 .  VOL. V I  N 6 2 -  1 3 9  1 4  

O E S I G N  AND C O N S T R U C T I O N  O F  L U N A R  S E I S M O G R A P H  U S E 0  
A S  BACK-UP I N S T R U M E N T  F O R  SURVEYOR F L I G H T  - 
S U R V E Y O R  P R O J E C T  
N A S A - C R - 5 0 2 4 5  N 6 3 - 1 8 2 9 0  

UNMANNEO LUNAR E X P L C R A T I O N  S P A C E C R A F T  - RANGER. 
SURVEYOR,  AN0 PROSPECTOR P R C J E C T S  
N A  SA-TM-X-5013 5 N 6 3 - 1 8 8 6 3  

G A S  CHRCHATOGRAPH F C R  SURVEYOR L U N A R  P R O J E C T  - 
S P E C I F I C A T I O N S  A N 0  O P E R A T I O N  
N A S A - C R - 5 1 0 0 7  N 6 3 - 2 1 3 6 1  

S U R F A C E  G E C P H Y S I C A L  I N S T R U M E N T  FOR S U R V E Y O R  
S P A C E C R A F T  P R C J E C T  
NASA-CR-52 133 N 6 4 - 1 0 0 9 7  

P R C G R E S S  OF SURVEYOR AND RANGER P R O J E C T S  F O R  L U N A R  
E X P L O R A T I O N  N 6 4 - 1 3 4 0 7  

S U R V I V A L  
CREW S A F E T Y  & S U R V I V A L  A S P E C T S  O F  L U N A R  L A N G I N G  

N 6 2 -  1 2 8  6 6  

S U N  
L U N A R  E P L A N E T A R Y  E X P L C R A T I O N  

N 6  2- 1 2 1  9 7 

V A R I A T I O N  CF P E R C E N T A G E  C F  L U N A R  S H A D E 0  R E G I O N S  
W I T H  CHANGING E L E V A T I O N  O F  SUN 

h( 62- 16 39 2 

S Y S T E M S  A N A L Y S I S  
RANGER PROJECT - T E L E V I S I O N  S Y S T E M  A N A L Y S I S  A N 0  
L U N A R  P H O T O M E T R I C  MCOEL - RANGERS 111, I V  A N 0  V 
S P A C E  PROBES 
J P L - T R -  3 2 - 3 8 4  /REV.  / N 6 3 - 1 5 2 4 4  

T 
T A R G E T  

I M P A C T  C H A R I C T E R I S T I C S  O F  V A R I O U S  M A T E R I A L S  
OFlTAI "4EC B Y  AY ACCiLES4TION-TIME-HISTORY T E C H N I Q U E  
A P P L I C A B L E  TC E V A L U A T I N G  REMOTE T P R G E T S  
N A S A - T N - 0 - 1 2 6 9  N 6 2 - 1 2 6 5 2  

I M P A C T  R A O I A T I O N  ON C O L L I S I O N  B E T W E E N  P R O J E C T I L E  & 
T A R G E T  
N A S A - C R - 5 5 7 8 3  N 6 4 - 1 5 8 7 6  

T E C T O N I C  MOVEMENT 
O R I G I N  O F  T H E  L U N P R  W A L L E D  P L A I N  P T C L E M A E U S  
DECUCECl FROM T E C T C N I C  R E L A T I C N S  B E T W E E N  D I V E R S E  
F E A T U R F S  I N  P T C L E P A F U S  ANC THE G R I D  S Y S T E P S  I N  I T S  
V I C I N I T Y  A 6 3 - 2 4 1 1 2  

T E K T I T E  
S I M U L A T I O N  O F  L U N A R  L U M I N E S C E N C E  - U L T R A V I O L E T  A N 0  
P R O T O N  E X C I T A T I G N  C F  T E K T I T E  & M E T E C R I C  M A T E R I A L  
A F C R L - 6 2 - 1 0 9 9  N 6 3 -  11 0 1 7  

E V I D E N C E  C F  G R A N I T I C  ROCKS I N  L U N A R  C R U S T  FROM 
MORPHCLCGY O F  T H E  L U N A R  S U S F A C E  - T E K T I T E S  

N 6 3 - 1 7 1 0 @  

L U N A R  O R I G I N  C F  T E K T I T E S  - A T M O S P H E R I C  E N T R Y  
D Y N A M I C S  N 6 3 - 2 2 3 7 4  

C H A R A C T E R I S T I C S .  P R O P E R T I E S t  A N 0  O R I G I N  O F  
T E K T I T E S  I h  R E L A T I O N  TO MOON N 6 4 - 1 5 2 8 4  

C O Y S I D E R A T I O N  O F  E V I D E N C E  FCR G R A N I T E  R C C K S  
FROM M C R P H C L C G Y  C F  P C C N S  S U R F A C E  

A 5  3- 10  2 2  1 

C H E M I C A L  E V O L U T I C h  AND A N A L Y S I S  O F  L U h A R  
A T M O S P H F R E  ANG S U R F A C E  A 6 3 - 1 0 8 1 1  . 

S P C C U L A T I C N  (IN T H E  C R I G I N  F C R P d T I C N  O F  T E K T I T E S  
FROM S I L I C I C ,  I G N E C U S  ROCKS, S P E C I F I C A L L Y  R H Y O L I T I C  
T U F F S .  F O R M I N C  T H E  U P P E R  L A Y E R S  O F  T H E  LUhtCR H A R I b  

A 6 ? - 2 1 6 1 1  

T E R R E S T R I A L  A N 0  L U N A R  C R I G I N  O F  T E K T I T E S  
E V A L U A T E C .  E Y P H A S I Z I N G  M E T E O R I T E  I M P A C T  ON T H E  
L U N A R  C A R E  A 6 4 -  1 C 3 8  7 

T E L E C O M M U N I C A T I O N  
R E S E A R C H  SUMHBRY YC.  36-12 - V C L  1, OCT T O  CEC 
1961  - S P A C E  S C I E N C E ,  T R A J E C T O R I E S t  G U I D A N C E  A N D  
C O N T R C L .  T E L E C C M H U N I C A T I O N S  
J P L - R S - 3 6 - 1 2 .  VCL. I Y 6 2 - 1 6 3 6 3  

T E L E M E T R Y  
P H C T C G R A P H I N G  T H E  O T H E R  S I D E  O F  THE COON 
J P R S - 1 2 5 4 3  N 6 2 - 1 1 9 0 7  

R A D I O  E L E C T R C N I C S  I N  S C V I E T  S P A C E  E X P L C R A T I O N  
J P R S - 1 5 4 3 0  N 6 2 - 1 6 1 1 9  

T E L E S C O P E  
O P T I C S  D E V E L O P M E N T  F C R  4 3 - I N C H  L U N A R  T F L F S C O P E .  
P Y R C M E T E R  O E V E L C P C E h T  F C R  L U N A R  T E M P E R A T U R E  
M E A S U R E C E N T  
A F C R L - 6 2 - 1 1 0 0  N 6 3 - 1 1 0 1 9  

T E L E V I S I O N  
P H O T O G R A P H I N G  T H E  O T H E R  S I O E  O F  T H E  MOCN 
J P R S -  1254 3 

P R E F L I G H T  P N A L Y S I S  PNO L U N A R  P H C T O M E T R I C  MCCEL - 
RANGER S P A C E C R A F T  T V  S Y S T E M  
J P L - T R - 3 2 - 3 8 4  N 6 3 - 1 3 4 4 9  

RANGER P Q O J E C T  - T E L E V I S I C N  S Y S T E M  A N A L Y S I S  AND 
L U N A R  P H O T O M C T R I C  M C D E L  - P I N G E R S  111. I V  AND V 
S P A C E  P S O e E S  
J P L - T R - 3 ? - 3 4 4 / R € V . I  

N 6 2 - 1 1 9 0 7  

N 6 3 -  15  2 4 4  
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T E L E V I S I O N  CAMERA 
C C N S I O E R A T I C N  GF THE A P P L I C A T I G N  OF 4 N  
E X P E R I k l E N T A L  TV T E L F S C C P E  T C  A S T R C Y C K I C A L  S T U D I E S  

A 6  3 - 1  e 3 9 9  

T E L E V I S I C N  E O U I P M E N T  
L L h A R  c L R F P C f  S T P b C T I I R E  I N V E S T I C A T E C  B Y  I Y F R b R E O  
S P E C T R P L  C r S E R V A T I C N  C F  P L C N ,  U S I N G  A T E L E ' U I S I C N  
S Y S T E Y  A 6 4 -  1 1 2 2  7 

T E L E V I S I O N  T R A N S M I S S I O N  
R E S U L T S  CF T E L E V I S I C N  P H P T C S R I F H S  C F  T H F  L U h A R  
S U R F A C E  I N  T H E  - 8 - 2 . 3  M I C R C N S  

4 6 3 - 1 7 3 1 4  

T E P P E R A T U R E  C C N T R O L  
E X B M I h A T I E h  C F  TWE THERMAL-CONTROL A S P E C T S  C F  
A e C V E - S U R F b C E  S T C R A G E  OF PXOPELLAFdTS O N  A L b N A R  
E U L A T C R I A L  S I T E  
A R S  P A P E R  t 2 - 2 t 9 0  A b 3 - 1 2 2 2  8 

T E M P E R A T U R E  D I S T R I B U T I O N  
T E M P E R A T U R E  C I S T R I B U T I O N  F L N C T I C N  CVER THC L b N A R  
SLRFAC:  B Y  C A L C U L A T I O N  O F  T H E  H E A T  @ A L A N C E  C U R I N G  
A L L N A T I C N  8 6 3 - 2 2 2 G  5 

T E M P E R A T U R E  G R A D I E N T  
I S C T H E R M S  FOR V A R I C U S  L U h A R  C R A T E S  R E G I O N S ,  U N l l E S  
I L L U M I N A T I C N  A N 0  E C L I P S E  C O N O I T I O Y S r  A R E  O P T A I N E O  
B Y  A T t - E R P I S T O R  B C L O M E T E R ,  E X A M I N I N G  ANOMALOUS 
C L C L I h G  PHENCMENA A 63-2 3 6 4 0  

T E M P E R A T U R E  M E A S U R E M E N T  
T E P P E R A T U R E  C S S E R V A T I C h S  C F  THE L U h A R  C R A T F R  TYCHC 
O U R I N Z  A T C T A L  E C L I P S F  A b 3 -  1 6 4 1  > 

T E R R A I N  
L A N D  L C C C P C T I O N  CIU S U R F A C E  O F  P L A W E T S  

4 6 3 - 1 0 2 7 2  

C E C L C C I C A L  N A T U R E  C F  T H E  MCOlv S T L C I E O  T O  
C E T E R P I N E  L U N 4 R  B A S E  S I T E ,  E M P H A S I Z I N G  V O L C A N I C  
T E R R A I Z  P 0 V A h T A I ; E S  A 6 4 -  1 I t  C e 

T E R R E S T R I A L  OLST B E L T  
S P E C T R L M  C F  M A S S E S  ANC SIZES O F  C E T E O R C I C  F L U X  I N  
C I S L U h A R  $ P A C E  A N 0  ON L U N A R  S U R F A C E  
A I A A  P A P E R  6 4 - t 3  A 6  4- 1 2 9  1 E 

T E S T  F A C I L I T Y  
O E S C R I P T I O h  OF T E S T  F A C I L I T I E S  U S E 0  T O  C E V E L C P  
MANNEC S P A C E C R A F T  A 6 3 -  1 3 3  3 4  

T H E R M A L  P R O T E C T I O N  
E X A M I h A T I O h  O F  T H E  T H F R M A L - C O N T R O L  A S P E C T S  O F  
A e C V E - S U R F A C E  S T C R A G E  O F  P R C P E L L A N T S  01 A L U N A R  
E P U A T C R I A L  S I T E  
ARS P A P E R  t 2 - 2 6 9 C  A 6 ? -  1 2 2  2 e 

T H E R M A L  R A D I A T I O N  
A N A L Y S I S  OF R A O I O  E M I S S I O N  F R O P  S U R F A C E  O F  M C O Y  

N 6 2 - 1 0 3 7 4  

O E S C R I P T I C N  C F  T H E  L U N A R  S L R F A C F  U S I V G  
M E A S U R E V E N T S  OF T H E R M A L  R A C I A T I O N  FRGX THE V O L N  

A 6 3- 1 6 3 6  1 

T H E R M A L  R d O I O  E M I S S I O N  
T H E R M A L  R A C I O  E M I S S I O N  F R C P  THE P O C k  T C  C E T E R M I N E  
C E R T A I N  C H A R A C T E R I S T I C S  C F  I T S  S U R F A C E  L A Y E R  

A b ? -  1 8 4  1 7  

P H Y S I C A L  C T N S T A N T S  OF T H E  L U N A R  S U R F A C E  AS 
I N P I C 4 ' E C  @Y I T S  R A D A R  S C A T T E R I Y G  A N 0  T H E P P A L  
E P I S S I C N  P R O P E K T I E S  ~6 3- 1 a 4  2 

T H E R M A L  S T R E S S  
T H E R M A L  H I S T C R Y  O F  T H E  MOON A N 0  O F  T F E  T E R R E S T R I A L  
P L A N E T S  
.J P 1 - T R - 3 2 - 1 0 @ 4 6 2 - 1 6 3 8 9  

T H E R M O C O N O U C T I V I T Y  
O t T t R P I N A T I O N  C F  T H E  T H E R P A L  C @ N O U C T I V I T V  L F  L L N A R  
M A T E R I P L  FROM P R E C I S E  M E A S U R E M E Y T S  CF L U N A R  P A O I C  
E M I S S  I C N  A 63- 1 8 9 0 4  

l H E R M O D Y N A M I C  P R O P E R T Y  
T H E R M A L  P R O P E R T I E S  OF S I M U L A T E D  L U N A R  M A T E R I A L  
I N  A I R  AND I N  VACLI.JP 
J P L -  T R- 3 2 -  3 6 8  N 6 3 - 1 3 7 6 7  

l I D A L  O S C I L L A T I O N  
M C O I F I C A T I C N  O F  A h Y P C T H E S I S  OF L U N A R  O R I G I N  F R C P  
A R A P I C L V  R O T A T I N G  E A R T H  C U R I N G  T H E  F O R M A T I C N  O F  
T h E  E P R T C S  COKE A 6 3 - 1 4 5 3 4  

1OPOGRAPHY 
A T L A S  OF T H E  F A &  S I D E  C F  T H E  MOON 

N 6 2 - 1 0 1 7 0  

T O P O G R A P H I C  L U N A R  Y A P P I N G  N C 2 - 1 0 2 0 5  

M A P P I N G  C F  P H Y S I O G R A P H I C  D I V I S I O N S ~  P H C T C G E O L O G I C  
F E A T U R E S  A N 0  L L N A R  R A Y S  C F  L U N A R  S U R F A C E  

N 6 2 - 1 0 4 3 4  

V A R I A T I O N  OF P E R C E N T A G E  O F  L U N A R  S H A C E C  R E G I L N S  
h I T P  C H A l v G I N G  E L E V A T I C N  OF SUN 

N 6 2 - 1 6 3 9 2  

L U N A R  TCPOGRAPHY - C I N E P H O T O G R A P H Y  O F  L U N A R  
S U R F A C E  
GRD RES. N C T E S - 6 7  N 6 2 - 1 6 6 5 8  

O R I G I N  CF T H E  L U N A R  W A L L E D  P L A I N ,  P T O L E M A E U S  
N 6 3 - 1 0 9 9 7  

F L I C K E R I N G  OF S T A R  I M A G E S  I N  T E L E S C C P E S  - 
B A R Y C E N T R I C  H I G H  R E L I E F  O F  L I M B  ZONE O F  MOON - 
S O L A R  D I F F R A C T I O N  S P E C T O G R A P H  
J P R S - 1 7 3 6 3  N 6  3- 1 2 2 0  1 

B A R Y C E N T R I C  H I G H  R E L I E F  OF L I M B  Z O N E  O F  
MOON N 6 3 -  1 2 2 0 3  

L U N A R  TCPCGRAPHY - L U N A R  SHADOW, L U N A R  C R A T E R ,  
M I C R O P t 4 S I T O M E T E R  MEASUREMENT 

N 6 3 -  1 4 8  5 5 

L U N A R  S E L E N O G R A P H Y  - R E O E T E R M I N A T I O N  C F  L I B R A T I O N  
C O Y S T A N T S t  L U N A R  S P H E R I C I T Y  MEASUREMENTS,  
M I C R O R C L I C F  P H O T C I N T E R P R E T A T I O N  
A F C R L - 6 3 - 4 0 6  

L U U A r l  b E O L O G Y  - T H E O R I E S  C C N C E R N I N G  T O P O G R A P H I C  
F E A T U R ' S  

D E T E R M I N A T I O N  O F  MASS, S H A P E ,  M O H t N T S  OF I N E R T I A ,  
A N 0  G K A V I T A T I O N A L  F I E L D  O F  T P E  MOON 

N 6 3 - 1 5 2 2 3  

N 6 3 -  1 8 2 1  9 

N 6  3-2 1 6  1 7  

L U N A R  C b S t R V A T I O N  F R O P  P H A S E  A N G L E S  O F  M I N U S  2 5  
O t G .  T r  P L U S  25  DEG. W I T H  MOUNT W I L S O N  6 0 - I N C H  
T E L E S C C P E  - L U N A R  TOPOGRAPHY N 6 4 - 1 5 9 2 4  

O E S C R I P T I C N  C F  L L N A R  S U R F A C E  F R C P  RBCAR L U h A R  
E C H r E S  W I T H  O C F I h I T I C N  OF ROUGHNESS @ A S E C  C N  
S T A T I S T I C A L  P A C P E R T I E S  OF R S U R F A C Z  

A 6 3 -  1 C E 1 2  

D I M E N S I O N A L  C C R R E L A T I O N  OF L U N A R  M A R I A  AVO 
T E R R E S T R I A L  C C E A N  R A S I N S  A 6 3 - 1 0 9 0 9  

L U N A R  S U R F A C E  S T R U C T I I R E  FRGM T E L E S C C P I C  
O B S E R V A T I O N S  S I h C E  1 9 1 8  A N 0  FRCM P H C T O b R A P H S  
T A L C N  OF T H E  R E V E R S E  S I D E  A 6 3 - 1 1 0 0 0  

P R I Y C I P L E  F E A T L R E S  OF THE R E V E R S E  S I C E  O F  T H E  
MOON B A S E 0  O h  P H C T C G R A P H S  A 6 3 - 1 2 1 1 0  

L U N A R  S U R F A C E  S T R U C T U P E  FROM T E L E S C O P I C  
C B S E R V A T I C N S  S I N C E  1 9 1 8  A h 0  FRCM P H C T C C R A P h S  
T A K E N  OF T H E  R E V E R S E  S I D E  A 6  3- 1 4  5 0 6  

SOME OF T H E  S U R F A C E  P R O P E R T I E S  O F  TI-E POON. 
I N C L I I O I N G  A N  I h T E R P R E T A T I C N  OF S U R F A C C  M A R K I N G S ,  
P H C T G M E T R Y  ANC R E C E N T  S O V I E T  O F S E R V A T I O V S  

4 6 3 - 1 7 2 3 4  

H I G H - R E S C L U T I C N  C I h E P H C T C C R A P H S  C F  Tt'E L U N A R  
S U R F A C E  F A C M  P I C - O U - M I 0 1  A 6 3 - 1 7 6 6 0  

L S E  C F  R A C I O - E C H C  T E C H N I E L t S  I N  C E T c R M I b I N C  T H E  
S U R F A C E  C H A R A C T E R I S T I C S  C F  T H E  M C C h  

6 6 3 - 1 7 6 6 2  
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R E V I E k  CF THE T C P O G R A P H I C A L  F E A T L R E S  G F  T C E  
V I S I P L E  P C R T I C h  C F  T H F  MCCN 6 6 3 -  1 7 W  1 

R E V I E W  OF THE I Y F O R M A T I O N  AND H Y P O T H E S E S  ACVANCEC 
Chi T H E  NATURE Or ThC L L N A R  S L R F A C E  

6 6 3 -  1 e 1 3 3  

C O L L E C T I O N  C F  P A P E R S  D E A L I N G  W I T P  L b N b i l  
I N V E S T I G b T I C N S r  I N C L U C I N G  R O C K F T  E X P L O R P T I C N .  
R A D I C  C e S E R V P T I C N S ,  S E L E N C C E S Y ,  T H E  L U h A R  S U R F A C E  
ANC T H E  LUNAR G L C B E  4 6 3 - 1  837 1 

S C H E P A T I C  C H A R T  W H I C H  SHOkS T H E  C I S T R I E U T I C N  O F  
T H E  B R I G H T h E S S  C F  107 F t A T U R E S  Ch T H E  P A R C I N A L  
V I S I e L E  S I C E  CF T H E  PCON. AND CN I T S  F A 2  SIDE, AS 
O E T E C T E O  BY P H C T C G R A P H S  T A K E N  B Y  L U N l K  1 1 1  

A 6 3 - 1 8 3 7 4  

METHCO FOR F I N C I h G  T H E  C E h T E R  C F  T H E  WCON P Y  
S U P E R I M P C S I N G  S U R F A C E  P R O F I L E S  F R C P  V L R I O U S  M A P S  
AND T A K I k G  T H E  V E A h  V A L U E S  O F  T H E S E  P R O F I L E S  AS 
THE D E S I R E D  P C S I T I C N  6 6 3 - 1 6 3 7 7  

M E T H O D S  USED FCR D R A W I N G  U P  C H A R T S  OF T H E  L U N A R  
M A R G I N A L  ZCNEI B A S E 0  ON 7 C O  P H C T C G R A P H S  T A K E N  C N  
5 0 3  N I G H T S  A 6 3 - 1 E 3 7 P  

F O R  C H E C K I N G  THE A V A I L A B L E  C H A R T S  AYC M O D E L S  OF 
T H E  GENERAL F I G U R E  OF T H E  MCCN 

4 6 3 - 1 e 3 7 c l  

S T R A T O G R A P h I C  R E L A T I C N h  AND S U R F A C E  
C H A R A C T E R I S T I C S  OF TWE C E P O S I T S  ARCUNP T H E  L U N A R  
C R A T E R S ,  I N  CROER T O  O U T L I N E  T H E  FRAMEWORK O F  A 
L U N A R  T I M E  S C A L E  A 6  3- 1 0 3 9 4  

I N T E R P R E T A T I O N S  C F  T H E  A R E A S  S t O W N  ON A G E N E R A L  
P H O T O G E G L G G I C  P A P  OF T C E  h O O N  AYC CN A MAP S H O W I N G  
P H Y S I C A L  C I V I S I O N S  OF THE M O C Y t  C G P P I L E C  P R I O R  TO 
C O P P L E T I C N  C F  THE L U h A R  T C P O G R A P C I C  P A P  

A 6 3 -  1839 5 

B R I E F  R E V I E W  O F  T H E  F F A T U R E S  C P S E R V E O  ON TWE MCON 
B Y  C A R T O G R A P H I C  AND T C P O G R A P H I C  S T U D I E S  I N  CROER 
T O  SUPPLEMENT T H E  D E F E C T I V E  R E S O L V I N C  POWER O F  
A V A I L A B L E  PHCTCGRAPHS A 6 3 - 1 . ? 3 9 6  

C U R R E N T  P H C T C G R A P H I C  I N S T R U H E N T A T I C h  C F  TI-E MCCN 
I N  ORDER T O  SECURE A C E C U A T E  C A T A  F C R  T P R E E -  
C I M E N S I U N A L  T O P G G R A P h Y  O F  T H E  L U N A R  S U R F A C E  

A 6 3 - 1 . ? 3 4 @  

S I W U L T A N E C U S  C E T E R H I f 4 A T I O N  O F  TCE S E L E ’ Y O G R ~ P H I C  
C G C R D I N A T E S  O F  T h E  C R A T E R  P C I E S T I N G  A V C  I T S  H E I G V T  
A e C V E  THE V E A N  L E V E L  O F  T H E  WCCN 

A 6 3 - 1 8 9 6 7  

MCCN A T L A S  W I T H  MAPS, PHOTOGRAPHS O F  P R O S R E S S I V E  
P H A S E S ,  G A Z E T T E E R  AND A D E S C R I P T I V E  T E X T  F C R  USE 
I N  L U h b R  S U R F A C E  F O R M A T I O N S  

P R E S E N T  KNCWLEOCE O F  T H E  L U N A R  
L U N A R  R A D I A T I G N I  R E F L E C T E D  A N 0  
S U R F A C E  F E A T U R E S  AND C R A T E R S  

T O P O L O G Y  
T O P O L @ G Y  CF THE MCOh S U R F A C E  

T R A C K I N G  SYSTEM 
S P A C E  C C H M U N I C A T I O N S  I Y C L U C I N G  

4 6  3-2 1 3 0  4 

SURFACE,  I N C L U D I N G  
S C A T T E R E D  L I G H T ,  

A 6 4 - 1 2 6 3 2  

N 6 3 - 2  1 6 2 0  

S P A C E  T R A C K I N G  ANI! 
R A D I O  CCYCAND S Y S T E M S  ANC C O Y M U h I C A T I O h  S A T E L L I T E S  

A 6 4 -  1 0 1 6 3  

T R A J E C T O R Y  
C I R C U M L U N A R  P H C T O G R A P H I C  E X P E R I M E N T  
N A S A - T N - 0 - 1 2 2 6  N 6 2 -  12164 

R E S E A R C H  SUMPARY NC. 36-12 - V C L  1, C C T  T C  DEC 
1 9 6 1  - SPACE S C I E Y C E I  T R A J E C T O R I E S I  G U I D A N C E  A N D  
C O N T R O L I  T E L E C C M M U N I C A T I C N S  
J P L - R S - 3 6 - 1 2 .  VCL. I N 6 2 - 1 6 3 6 3  

E X T R A T F Q R E S T F ’ I A L  R E S E A R C P  - B I F L I O G R A P H Y  - 
A S T R O B I L L C G Y I  ASTFcChCPY. C C S M C L C G Y t  L U N A R  
T R A J E C T T R I E S r  ANC M E T E O R I T I C  C R A T E R I N G  
A W F L - R T C - T O Q - 6 3 - 3 C Z 5  ‘ 4 6 3 - 1 8 7 7 8  

U L T R A V I O L E T  R A D I A T I O N  
L U N A R  S U R F A C E  STU3IES @ Y  U L T R A V I C L E T  S P E C T 9 0 S C O P Y  

N 6 2 -  1 6 0 0 2  

U L T R A V I O L E T  S P E C T R U M  
P L A R E T A R Y  AND L U N A R  R E S E A R C H  I N  THE P H C T O G R A P H I C  
I N F R A R E O ,  V I S I B L E ,  A N 0  U L T R A V I O L E T  S P E C T R A  

N b 4 -  14359 AD-428392 

UNMANNED S P A C E C R A F T  
b Y l ’ A N N E 0  S C I E N T I F I C  MOCN E X P L O R A T I O N  

N 6 2 - 1 2 4 9 0  

UNMANNED L U N A R  E X P L O R A T I O N  SPACECP.AFT - RANGER. 
SURVEYORv AND P R O S P E C T O R  P R O J E C T S  
N A S A - T C - X - 5 0 1 3 5  N 6  3- 1 8 8 6  3 

E X P E R I M E N T S  F O R  UNMANNED S C I E N T I F I C  E X P L C R A T I O N  O F  
T H E  FCCR N 6 4 - 1 0 8 6 3  

U P P E R  A T M O S P H E R E  
S O V I E T - B L C C  R E S E A R C H  I N  G E C P H Y S I C S ,  ASTRDNCMY,  AND 
SPACE S C I E N C E S  /NO. 2 9 /  1 9 6 2  
J P R S - 1 2 4 4 5  Y 6 3 -  1 10 1 3  

U.S.S.R. 
S O V I E T  B L O C  R E S E A R C H  I N  G E O P H Y S I C S ,  A S T R O h C M Y .  AND 
S P A C E  SCIENCES /NO. 4 e /  1962 
J P R S - 1 6 4 5 5  Y 6  3- 1 0 5 2 6  

V 
VACUUM 

T H E R M A L  P R C P E R T I E S  OF S I P U L A T E D  L U N A R  M A T E R I A L  
I N  A I R  AND I N  VACUUM 
J P L - T R - 3 2 - 3 6 8  Y 6 3 - 1 3 7 6 7  

S T A T I C  B E A R I N G  C A P A C I T Y  G F  S I M U L A T E C  L U N A 2  
S U R F A C E S  I N  VACUUM 
N A S A - C R - 5 1 3 1 8  Y 63-2 17  3 3 

L U N A R  S O I L  E E C A V I O R .  E P O S S I B L E  E F F E C T S  OF V A C U L H  
N 6 4 -  13710 

VACUUM CHAMBER 
I N V E S T I G A T I O N  O F  1h.t ST9TIC AND O Y N A Y I C  
P E Y E T R A T I C h  q F S I S T A N C E  OF S I M U L A T E @  L U Q A R  C U S l  
I N  A h 4 K C  VACUUM k N V I R O N M r Z T  1 1 6 3 - 1 3 3 4 3  

V E N U S  
P H Y S I C A L  P R C P E R T I E S  C F  T H E  Y C C N  & P L A N E T S  
R Y - 2 8 1 7 - J P L  N 6 2 - 1 3 6 3 3  

S P E C T R U Y  O F  L I G H T N I N G  I N  T H E  VENUS ATMCSPHCRE.  
P A O B L E M S  O F  S C L E N O D E T I C  PHOTOGRAMMETRY. D R A W I N G S  
O F  L U N A R  L I V B  AREAS. T O P O C E N T R I C  L I B R A T I O N S .  

P L A N E T A R Y  PHOTOGRAPHY - M U L T I C O L O R  P H O T O M E T R Y  OF 
T H E  M C G N t  MARS. VENUS. A N D  OTHER P L A N E T S  

S T U D Y  C F  T C E  Y E A R  I N F R A R E C  S P E C T R U M  C F  V E Y L S ,  
U S I N G  A S P E C T R O M E T E R  W I T H  O I F F R A C T I O Y  G R A T I N C  

N 6 2 - 1 6 6 1 8  

Y 6  3- 16 2 4 6 

k 6 3 - 1 5 S C i  
V I D I C O N  

P H O T C G R A P H I N G  C F  L U N A R  S U R F A C E  W I T H  I N F R A R E D  
V I  C I CONS 
J P R S - 2 C 2 2 3  N 6 4 - 1 1 2 2 2  

V I S I B L E  S P E C T R U M  
P L A N E T A R Y  AND L U N A R  R E S E A R C H  I N  T H E  P H O T C G R A P H I C  
I N F R b R F O .  V I S I B L E .  A N D  U L T R A V I O L E T  S P E C T R A  - .  --. 
A D - 4 2 8 3 ’ 3 2  N 6 4 - 1 4 3 5 9  

1-30 



V I S U A L  P E R C E P T I O N  
I N V E S T I G A T I C N  O F  T P E  V I S U A L  R E P U I R f V E N T S  F C R  
L A N D I h G  A S P A C E C R A F T  C N  T P E  MCON ANC S U B S E C U E N T L Y  
A C H I E V I N G  R E N D E Z V O U S  k i I T H  A COMMANP M 3 2 U L E  I N  
C R e I T  A 6 3 -  1 3 8 8 :  

V I S U A L  P H C T O H E T R Y  
E X P L A N A T I C N  C F  
I N F R A R E C  L U N A 9  
TI:: S U R F A C F  CF 

VOYAGER P R O J E C T  
S P A C E  PRCGRAMS 

P R E V I 0 U S L Y  U N COR il E L  A T F D V I S L C L AN C 
C P S E R V A T I C N S  B Y  S U G G E S T I C N  T H A T  
T H L  CCII?r hf.S I V C F h T 6 T I C h S  

6 6 3 - 1  1 8 5 9  

SUMPARY NC. 3 7 - 1 5  - VCL. 6, 
MAR-JUNE 1 9 6 2  - S P A C E  E X P L O R A T I O N  PROGRAMS 
& S P A C E  S C I E N C E S  
J P i - S P S - 3 7 - 1 5 .  V O L -  V I  N 6 2 - 1 3 9 1 4  

V O L A T I L I T Y  
B E H A V I O R  O F  V O L A T I L E S  ON T H E  L U N A 9  S U Q F A C E  

h i 6 2 - 1 0 7 2 8  

L I F E T I M E S  OF I C E S  OF COMMCN V O L A T I L E S  /WATER, 
C A R B O N  D I O X I D E ,  M E T H A N E /  I N  S O L A R  S Y S T E M  

N 6 3- 1670 2 

V O L C A N I C  THEORY 
P O S S I B L E  E L E M E N T A L  A B U N D A N C E S  O F  L U N A R  C R U S T  - 
I M P A C T  A N D  V O L C A N I C  O R I G I N  N 6  3- 1 0702 

S U G G E S T I C N  T F A T  T H E  D I S T R I B U T I C N  O F  T H E  C R A T E R S  
C V E R  THE E A S T E R N  A N 0  k E S T E R N  H A L V E S  O F  T H E  MOON 
C S E S  N C T  S U P F O R T  T H E  C E T E O R I T I C  H Y P O T H E S I S  OF 
T H E I R  O R I G I N  ~ 6 3 - l a 3 9 1  

GECLOGY C F  L U N A R  S U R F A C E  Ilu V I E W  OF R E C U I R E M E N T S  
F C R  S E L E C T I N G  A S I T E  F O R  C C N S T R U C T I N G  A N 0  
M A I N T A I N I N G  A L U N A R  B A S E .  C O V E R I N G  V O L C A N I C  
P E C H A K  I SMS A 6 4 - 1 1 4 6 1  

V O L C A N I C S  
L U N A R  E X P L O R A T I O N  C O N F E R E N C E  - R A D A R  ECHO, RADAR 
D A T A  I h T E R P R E T A T I O N ,  P H O T O G R A P H I C  PHOTOMETRY*. . 
L U N A R  V C L C A N I C S ,  & M A N N E C  E X P L O R A T I C N  

~ 6 3 - 2 1 3 6 2  

W 
WATER 

BEHAVIOR O F  VOLATILES cr4 T H E  LUNAR S U R F A C C  
U 6 2 - 1 0 7 2 8  

U T I L I Z A T I C h  O F  L U N A R  S U R F A C E  R E S C U R C E S  - L U N A R  
PROGRAMS, H Y D R O P O N I C S ,  WATER A N D  O X Y G E N  S U P P L I E S  

N 6  3- 1 h 9 8 4  

E L E C T R C L Y S I S  AND L I O U t F A C T I O N  O F  WATER O F  MOCN 
N b 3 - 1 4 9 8 7  

L I F E T I M E S  C F  I C E S  G F  COMMCN V O L A T I L E S  /WATFR. 
C A R B O N  O I C X I D E I  M E T H A N E /  I N  S O L A R  S Y S T E M  

' 4 6  3- 1 670 2 

I M P L I C A T I C h S  C F  WATER A S  L U N A R  RESOURCE 
N 6 4 - 1 3 7 C 8  

L O C A T I N G  L U Y A R  WATER C E P O S I T S  
N 6 4 - 1 3 7 C 9  

WATER C O N T E N T  
WATER C O N T E N T  O F  L U N A R  S U R F A C F  

'163- 1 4 9 9 C  

WATER RECOVER\ ,  
O I S C L S S I O N  CF T H E  P R G B L E P S  O F  S E C U R I N G  RAW 
P A T C R I A L S  Ch i h E  M C O h t  I N C L U D I N G  A D I S C U S S I O N  OY 
P R C D L C I N G  WPTER 6 N C  O X Y G E N  
/ S E E  A C C E S S I C h  hC. A 6 3 - 1 2 5 5 7 ,  I S S U E  hC. 6 1  

A 6 3- 1 5 9 4 8  

NASA-Langley, 1964 1 - 3 1  

WAVE A T T E N U A T I O N  
P R C P A G A T I O N  ANC A T T E N U A T I O N  O F  A C O U S T I C  WAVES I N  
L U N A R  S U R F A C E  
N A S A - C R - 5 5 4  1 3  

WbVE P R O P A G A T  I O N  
P R O P A G A T I O l u  A h 0  A T T E N U A T I O N  O F  A C O U S T I C  WAVES I N  
L U N A R  S U R F A C E  
N A S A-CR-5 54 13 

N 6 4 -  1 5 8 9 6  

N 6 4 -  15896 

WHEEL 
WHEELS FUR L U N A R  L O C O M O T I O N  
I A S  P A P E R - 6 2 - 1 3 5  N 6 2 - 1 3 3 4 4  

X 
X-RAY S P E C T R O M E T R Y  

C E S I G N  C R I T E R I A  F O R  A L P H A  P A R T I C L E  S C A T T E R I N G  
I N S T R U F E N T S  F C R  L U K A R  S U F A C E  A h A L Y S I S ,  CAS-  
C H R C M A T C G R A P H I C  E Q U I P M E N T ,  N U C L E A R  A C T I V A T I O N  
A N A L Y S I S  I N S T R U M E N T S ,  ANC X-RAY C I F R A C T O M E T E R S  
AVO S P E C T R O C E T E R S  A 6 3 - 2  11 39 


